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PREFACE

Ihis report presents the results of a limited profexn was requested and funded by the Flight
flight test iavestigation of pilot-induced oscillation Dynwanics Dirctorate of Wright Laboratory,
(PIO) due to elevator rate limiting. The objective of Wright4Paterson AFB, Ohio, and directed by
this effort was to gather in•flight and ground-based the Commandant, USAF TPS, under job order
simulation data on longitudinal PIO tendencies due number M96J0200.
to elevator rate limjting. The USAF Test Pilot
School (TPS) was the responsible test organization. Special thanks are due to the Calspan flight and

ground crew including MAssrs. Lou Knorts, safety
Descrptionss of the configurtions, insrmenetion, pilot; Mike Sea,&, crew chie,; and Jim Priest,

test methods, and test procedures are provided engineer. Additionally, Mesrs. Dave Mitchell and
within the test and evaluation section of this Roger Hoh of'Hoh Aeronautics aided significantly in
report, Results, data product, data analysis, the development of the test plan, test matrki, and
and the flight tasts axe also discussed. The test analyses of the results.
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EXE.CVnWV%

This rmport prsets the results of a limitcd flight Wrigit-Paterson APB, Ohio, and directed by
test investigation of pilot-induced oscillation (PIO) the Corrnndant, USAF MS, under job order
due to elzator rate limiting. lhe objective of thisN nu•mer M96S0200.
effort was to gather in-flight and ground-bastd
simulation dam on longitudinal PI0 tendencies due to All test objectives were tact. ThIee aircraft
elevator rate imniting. This data were incorporated into configumratons were verified ad then flovw on
the P10 database at Wright Labormtoy to improve the NT-33A and the ground-bascd Large Amplitude

ound-boased sinulation. The USAF Test Pilot School Multirnode Aerospace Research Simulator
(TIS) was the responsible test organiation. (LAMARS) using two hcadoup display nacitdig taks

and seven elevalor rate liits. The confriArations were
Preliminary ground-bastd simulation was rapresent by the dififent longitudinal dysnmics

conducted at the USAF 7?S from I March to 9 April flight control implemenations. l total, 36 test
1997. Flight testing was conducted using the conditions were flown by at least 2 pilots in the
NT-33A is-flight simulator aircraft at the Air Force NT-33A aircaft, while 27 test conditions were flown
Flight Test Center, Edwards AFB, CaliFoinia, from by at least 2 pilots in the LAMARS. Comparisons of
1 I to 22 April 1997. Nine sortdes totaling "2.8 flight the LAMARS to the NT-33A aircraft aswrue that the
hours were flown in the NT-33A aircraft. Additional LAMARS was representative of the NT-33A aircraft;
ground-baed shimulation was conducted at the Flight however, an issue concerning the simulation matching
Dynamics Directorate of Wright Laboratory, N'T-33A flight test results was not resolved. A
WrightoPatterson AFP, Ohio, on 25 April 1997, The database of pilot cornmments and ratings, as well as time
tet program was requested and funded by the histouies, was generated For both in-flight and
rlight Dynamics Directorate of Wright Laboratory, grotudnbascd simulation.
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FNTRODUCT ON C
BACKGROUBID

According to a report frino the National were employed to make estimates of the exrected

Research Coumcil, the most important design tool for flight results. None of these criteria explicitly

avoiding, discovering, and correcting pilot induced addresses the effect of rate limithig, however. The

oscillation (PIO) is simulation and analysis to seek linear short-petiod approximations for the three
out nmexpected trigger events ad interactions non-rate-limited configurations were used. Rate

(Reference 1). Unfortunately, PlO is difficult to imaiting hinxtduces a significant phase lag in airplane
detect in a simulator. The National Research Council amponUso so it was aw-ioied that the priminy effact of
reort (Reference 1) gos on to say that almost all rate limiting would be an effective increase ha

new flyby-twire'oquipped aircraft have exhibited time delay.

PIe events at some tine dueran development. The
PIO events usually occur whln the pilot is engaged Figtues A7 through AI) show predicted

in denmanding uaks, working hard to precisely handlivg qualitics and susceptibiliry to Pi) for

control the aircraft. the three configurations without rate limiting.
Configuration 2D was expected to be Leved I (the

"The Flight Dynamics Directorate of Wright Neal-Smith criteria suggested it might be Level 2).
Laboratory has ban researching the ability to Configration 2DU, augmentation active, was also
predict PR) tendencies on ground-bastd simulators expected to be Level I (Level 2 on Neal-Smith),
(C eference 2). Past wok utilizd the 1925 HAVE though an additional pitch rne overshoot criterion
PIO database which examined PIG due to linear developed by Hoh Aeronautics, not shown in

causes in the landing phase (Reference 3). This Figures A7 through Al0, suggested Level 2 flying

research aided hi the development of melhods and qualities would be expected. Finally, configuration
techniques to better coirelatc simulator predictions 2P was expected to be Level 2 and possibly exhibit
witi in-flight results. The Flight Dynamics PKO tendrncies. 0
Directorate wished to expend the NO database to
include nonlinear effects such as elevator mate With the added ti&e delay resulting tiom rate
limiting at multiple flight phases. The 1996 HAVE limiting, configuration 2D, with its very high
GRIP flight test programn examined PIC due to bandwidth, was expected to be relatively resistant to

elevator rate limiting in the landing phase using the PIe. With very low rate limits, it was likely that this
Caispan variable stability Leaijet (Reference 4). configuration would become unflyable due to a
Conclusions from the HAVE GRIP programn helped lack of airplane response before it would develop
define the test condition matrix for this test promgrmn sustained PIl. Configuration 2P was expected to

show PIO with rate limiting. For configunation 2DU,
The objective of a limited flight test the effect of rate limiting was expected to be sudden

investigation of PlO due to elevator rate limitihg and dramatic; in the absence of rate limiting, it was
(HAVE LIMITS) was to gather in-flight and expected to be good, and become steongly divergent
ground-based simulation data on longitudinal PIO when rate limiting was reachcd. The terminology
tcndencies due to elevator rate limiting. The USAF used for the three aircraft models is provided in
TPS was the responsible test organization. Table 1.
Differences from the HLAVE GrIP flight test
program include multiple aircraft configurations, The NT-33A aircraft was flown using two
diffeient taks, and a differen flight phase (cruise). head-up display (HUD1) tracking tasks designed to
Also, HAVE GRIP did not have the pilots fly any make the pilot inerea gain, to prcisely control the
ground-based simulators. aircraft. The HUD racking tasks were also

programmed and displayed in the two ground-based
The NT-33A aircmraf was used durng this test simulators. Seven different elevator rats limits were

progamn with three diffcrent longitudinal aircraft used in both simulation and flight.
dynmics. Several handling qualities and PI0 citeia D



Table I
DEFI•NI2TN OF THE T71EEE AIRCRAFT MODELS

Aircraft
Modell Dscrtption of Simulated AirareaA Longitudinal Dynwxics

[ 2D Testied Good Air :nrit Level I Handling Qualities
__2? [ it d~d;_itional ase Lag , _ ______ J

S2DU) _ Predicted Unstable AircTraft Aug mented to Level I Hanln ulte

PROGt•M CHRONOLOGY TEST OH2ECTIVES

Ibis test pro&a used the paradigm of The overall test objective was to gather hinflight
pradcotstionipnrn. Along wi•th ma.iyical predicthei , and ground-based simulation data on longitudinal
pilots pmeficed the HD trucking tasks begining in PIG tendencies dre to elevator rate limiting. To meet
Mach 1997, on ihe USA" M gound-bawed simulator this overall objeezive, data were gathered using
dcveloped by High Plais Engineering. uring this, aircraft dynamics, a range of eleoator rate limits, and
sihnulnion, various elevator rate limits wear two HUT toaking tasks as shown in Figue 1.
cosidrd and ostablished for use on the NT-33A, During an evaluation, the pilot flow one of tfhe two
Flight tests and ground model verification wre IHIUD tracking tasks on either the ground-based or
conducted using the NT-33A, at the Air Force Flight in-flight simulator with a particular set of aircraft
Too Center (AFFTC) Edwards AFE, California, from dynamiics and one of the elevator roae imits. Each 14
I I to 22 April 1997. Nine sorties totaling 12.9 flight evaluation Sonerated a database of pilot ratings,
hou were flown in the NT-33A. Compartive tsting coiments, ard time-history data.
was completed on 25 April 1997, when the evaluation
pilots fikw the majority of the configurations flown Tho following four specific test objectives were
during flight test, on the ground-based Large developed to ramct the overall objective:
Amplitude Multirnode Aeroswce Research Simulator e
(L.AMARS) with motion. Theý simulaor is located at 1. Verify the airmcft models hi Appendix A
the Flight w ynamics Dix .,a of Wright lAbormary. were corectly inplorenend on the NT-33A aircraft
Wight-Paltemo APE, Ohio.

2. Determine a range of elevator rate limits for
TEST UIEM I)EXCLTTION use on the NT-33A aircraft duTing flight test,

"ilia test items were three longitudinal a-cmti 3. Gather in-flight data for the tesT conditions

models lisMd in Appondix A. The lateral-directional in Appendix A, and

model usod for the est ptyroa was the, same for all
three configurtions and is alo lissd in Appendix A. 4. Gather teost-baed snimutation dAta upipgA
"The same aihmft dynamics flown in the NTf33A LAMARS for the ust conditions in Appendix A for
aircrft were mathem=ailly modeled and flown in xe companion wit in-flight datae
USAF ITS sinvilator mad LADMAS with motion.
Specific dewrilptions of each of these test •t=W •
listed in Appendix A.

OATAt AZi
CISAFTY GOOD AIRCRAFT STANDARD T I Or

coon Alcp.APT LIMIT I
?LT4SA ~wiaFHASULAO 17Qafz

UNSTAPLE 2 ak; T•l,

JAUGMUNTED TO LIM" D

Figure 1 Tast Progxa m concept
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TEST AND EVALUATION

GIENER-L VE MFWCATION OF AIRCRA14T

All test objectives were iaet. The prelimias M

simulation was conducted in de USAF ThS ,
shmulator to practice mission conduct and detefrine
a ra•ge of possible elevator rate limits. Ba•sd on In accordance with tht paradkgm of predict-test-USAF MP siinlatonj results, a range of elevator compare,0 the followiag two amtiytical aw~hods were
rate limits was given to Calspavn prior to their usad to variL the threo aircraft models:
checkout and vew•fication flights in B LIalo, New
York-, on 24 and 27 Marzh 1997. Calspan verified I, Pitch-ste r•spse comparison With
the aircraft models, the HUD tacking tasks, Pnd a MITLA.B time-ýo•mn rdictios, and
=Sge of met limits for use in flight tests at the

AFFTC, Edwards AFB, California, frm 11 to 22 2 reg•nacy response analysis kt-A) with
April R997. Durang flight test, nine sorties totairg lower order equivalent syst m (LOYES).

12 8 fligt hour• (three sorties per evaluation pilot) Durig the first checkout flight in Buffalo,
weom flown at Edwards AFB, i• the NT.33A aircraft New York, the Calspan pilot initiated programmed
It was assumed tat ground-bawed simulation in N ew Yo lfr the three aio t ifiatsdprog edLAIMARS was done with the sam'e rate limits, pitch-ostep inputs for the thr'ee arcraf• moedls defined
aircr S wat dodel, a h tr n tsks ras Wthse in Appendix A. TIe Caispan pilot also conducted aairoraf mod els, mid RU W tracking tasks as those. 40 -second manual pitch fr'equency sweep of the
used in the NT•33A test flights. Figure 2 provides awi 40wsecad maonual p tch dareuNcy sweep aftthree aircraf models. The, sandard NT-33A aircraftoverview of the test program flow. elevator rate limit of 157 degrees per second was

All testing was conducted using the aircraft used for model verification. The thie-domain data,

models, rate limits, and tracking tasks described in defined in Appendix D, were collected by Caispan

Appendix A. The aerodynamic rnodls were p and provided to USAF 'TPS for analysis. Calspan e
designs for 250 knots and 10,000 feet pressu also provided FRA with a LOES estimation for each

altitude, Plight test briefings, in-flight execution, anrd zhirf rapsnse model based on dheir own crterion
postflig-ht debriefings were completed in accordance which was different fi-orn the one suggested in
w~if (1AW') the procedures in Appendix F. MIL-STD-1797A (Reference 6). Time-domain data

from the Calsrp checkout flights were compared
All NT-33A flight testing was accoimplished
in the cruise configuration (gear/flaps/spe-edbrake asgaist preflight predictions modeled in NATLABO

retracted). Ground-based simulation in LAMARS version 4.2C. Final data products consist of

was done after flight testing so the exact test time-domain comparisons of pitch response to

conditions tested in-flight were simulated. pitdietions, Bode plot comparisons of aircraft

Requirmients for the procedural flow of the test plan dynamics to the LOBS estimation, and a table

are detailed in the Requirements Traceability Matrix yaompcatg the LOBS-estimated u econd order aircraft
(Appendix E) and the Prqject HAVE LIMITS test dynalcs to the remjested airraft dynamics.
plan (Reference 5). The HOD ta•king tasks flown hi Successful aircraft response verification was defiied

the USAF "WS simulator and LAMARS were as Pligt Dynaics Directorate acceptanc ofthe thre
assumed to be the saie as the NT-33A aircraft airaft models basd on quick-look data products

described in Appeadix A. provided prior to flight test at Edwards A•B.

USAF IPS CatPa checkout NT-33A LAMARS 1
ground-based .. ip te otight test _ ground-d ed i

simlulation Rights stsimulation

Figuxe 2 Tost •rog=m Flow
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I~~tritIN andAnv~: exact match to the requested dynamics. The
tine- and fr&eque•cy-domain compaison of 2DU0

"The the-, ai=rft models, defined in Appendix was provided to the Flight Dynamsics Directorate
A, were succesfially verified. The NY-33A model prior to flght test. While the Flight Dynamics
validation flight test was conducted by Calpaa on Directorate acknowlcdged the diffemnces betweent
27 March e

9 97 . The flight t6est arnd iaqer 2D aned 201), they approved the three aircraft
quick-look ainayses were crplered prior to the dynamic as satisfactory for the purpose of this
beginning of testing at Edwards A12B on II April elevator rate ifrat investigation,
1997. As suated in the procedure, data products W1
included both time-domain end FRA compaorison. DETE MWINATION OF ELEVATOR
Time-domain sTemponvmse resuts am pre-senited in RATEh±AMf RANGE
Figrure 131. Thle three timrn-downin pitch response
fli mawe compare flight tar reults to requested
aifcraft dynamic response. Frequency-domain results
a alsm presented in Figures 1.2, B3, ad B,4 for lte T'he range of elevator rate, limitst o be used inf
three aircraft modes,. the actual flight test pro•g•a was dewiie,d

CAispan's criterion improved the accuracy of&,- through a three-step process.

LOES match with respect to the FXA flight test data 1. 'T11 USAF TPS simulator was used to
at low frequency (Figures -32, B3, and B4). perform an eaevator rate limit hnveWgation to

recommend a range of elevator rate limits to Calspan
Frequency-domain validation of the three prior to checkout fligfts in Buffalo, New York. The

aircrafi models was based on the LOES estimation of investigation consisted of pilots flying the 2D
aircraft response compared to the requested aircraft aohcraft model with the sNun-of-sincs aid discrete
dynamics. Percent differences are listed in Table 2. trackineg tasks with various elevator rate limits. Ith

uvaluation criteria for the investigation was the
The most sigificant, difference was the 2DU percentage of time on the simulated elevator rte Q.

dynamic res•ponse (both short period damping [(] limit. The sucess criteria for the USAF IPS
and amrl fi-reque-ney wo ). In both the die-dornaii simulator was range of elevator rate limits that
(Figure -I) and the frequency-domain (Figure L4) provided different percentages of timea (<5 to >20
2DO flight 'tst resalls did not provide percent) on the sinulated elevator rae limit.

Table 2
COMPARISON OF LOWER ORDER EQUIVALENT SYSTEM SECOND ORDER AIRCILAFT

RESPONSE WI liREQUESTED AIRCRAFT DYNAMICS

Flight Test Requested Difftrence (pet)
Lower Order Aircraf (44n V=,nf)

Model Parameter uiaot syte Dynmc
0.740 0.7 +5.71

2D mf ,e•(isec) 4.d63 4.9 -0.76
T,83 0.8 +4.63

11 -0.740 07 457
2P te,,( ea) 4.863 4.9 -0.76

T- _ 0.837 0.8 +4.63

0.640 0.7 -8.57

2DU _ o f_ y ) 35.166 49 1-5.4j
T 0.937 O. 4.63

Noes: 1. tv - A= period damping ratio

3. Ti - high fren=c pitch aftde wo

4
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2. Dl'kig checkout flights in Buffao, New IN-FLIGHIT DATA COLLECTION
York Calspaia pilot flew different elevaor
rate limlts within the range determined in the -

USAF TPS simulator using the smie 21) aircraft
modal and Maks. Calspan then recommended three Each test condition in Appendix A was flown
primary and four back-up rate limits for the test by at least two pilots. If the CHi ratings differed by
programn. Caispan band their recommendation on more than two for ary test condition, that 'test
achieving a range of values for percentage of time condition was flown at least thr times. Pretest
on the elevator rate limit. briefing, test execution procedures, and debriefing

3. During flight test sonic I, an evaluation of requirements am listed in Appendix F.

the Caispan reconmmended elevator rate limits was Pilot comnents were recorded on audio and
completed. After the flight, data were evaluated HUD video referencing the pilot cormmcnt card in
from each test point. Evaluation crteria wern a Appendix D for each test condition flown. The CH
quick-look analysis of CooperiHaper (CH) and and P10 ratings (using the respective scales in
PIe ratings. The success criteria was a qualitative Appendix D) were given by each pilot for each teWt
comparson of flight test results and preflight condition flown. Time histories of die paramerter.
predictions, listed in Appendix D were recorded for every test

condition. After each sortie, the evaluation pilot
s d a : tiuanribed his corments while reviewing th&

MUD audio/video recording.

Based on the USAF TPS ground-based H

simulation, elevator rate limits of 10, 20, 30, 40, All test points in the test condition matrix in
50, and 60 aegrees per second were recommended Appendix A were flown at 250 ±20 knots at
to Caispan prior to their checkout flighut. Calspan 10,000 ±1,000 feet pressure altitude. The safey
then flew with these elevator rate limits on 24 and pilot controlled the throtle to maintain airpeed.
27 March 1997, and recommnended three primary To ensure objectivity, the evaluation pilot did not
and four secondary values which are listed in know which test point was being evaluated and
Table 3. was allowed to reea any point as necessary.

Table 3
CALSPAN R"COMMENDED
ELEVATOR RATE LIMITS Appendix C contains an ovemll evaluation

Primary Elevator Secondary Elevator of each test condition, pilot comments, and
Rate Limits Rate Limits sample time histories. The 36 different test

(deg/fsec) (deg/see) conditions flown on the NT-33A aircraft are listed(d2eg1et, (••dgsin Table 4. Experiment number, aircraft
40 30 configuration, tak, rate liait, C1, and P1O ratings

00 amr listed. Pilot iatings by different pilots are in
50 { 0 separated by "I"-. Multiple ratings by the sam-e

157 pilot are separated by 'T'. The order of pilot ratings
Note: '-.-' - not applicable is, Pilot 1 11 Pilot 2 1 Pilot 3. If a given pilot did rot

fly a test condilion, a "-" is used.
"The three primary elevator rate limits were

flown and qualitatively evaluated by USAF TPS Figures 3 and 4 are waphical representations ©
and Calspan. Th1e prinary elevator rate lhnits of the CH and PlO ratings for each test condition
produced a full range of CH and F10 ratings. evaluated in flight. Each of the six subplots in
"Thirteen evaluations were trade during the fiit Figures 3 and 4 shows the ratings for a particular
sortie (eight to nine. evaluations were expected). aircraft configuration and task over the range of
Due to this increased test point efficiency, the test rate limnits ard pilots (er.g, 20, discrete task, rate
te.i detmined the seconday, elevator rate limits limits 10 to 157 degrees per second, all three
could also be evaluated in sories 2 through 9. pilots). In the flgures, tVak is broken out by subplot

5
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Tdble 4 G
PILOT RATINOS FOR NIT,33A MlIGHT TWES PROGRAM 0

(im 1WROUGH 22 APRIL t997)1

40 C 11" £RL G&M. PIOR
40 2D dismrte t2 I L6 JL2 ... L.

41s J3 _•0 J3J 2JW
To 2D/2/41/4 331/2J112

4-4 2 disrete 50 411214 32H1

10 .....2_tLLos...._ L1.. C......S6-----_ -erW- 7o 4 ._

E4 2D sos J2ilL -14_.
49 20 SOS 30ýý 4 4_113/1
so 25 SOS 40 - /2/1
51 215 sa sos •L0 __S 510,

* ... .. .- .!2LaL ....

33 2D SOS 157 2jJZ

53 2? discrete 5 0514/6/4/817/3 .3 J L_//~
Sri 2W discrty 30 4ido 3 -L3
57 2? discreter A69 316/5 214 g3J f/j3

M0 I 2P - discdMte .- 57 49-'#., o21
61 2? SOS 10 $119118-444
62 214 SOS 20/-s /454,

64 2P SOS 440__ 5 /10 DA1 ý

65 2? SOS 56 5114115I2Lý
-67 2?p -90- -1571 3 5[N5j
69 2D - -discrte 20 10 to_____

7 25- 30_1 jj - !L__

_______j discrete 40 '10110110. -q t
72 2DU discrete 50j 5/LLOt 4/4115

76 J2DbT SOS __gi2212d6~ ~~
71 j Z1 O 30 J /3 12 9/8 4/21111413N
78_ 26CM1 F __40_ 5OK 3/416 3g/j
79 2011 SOS 3
so 201W j s j66 f3/MS 2j2Ljj2

W1TTU jSOS 51
NoteCs 1. Ba!,p Cpn-digae 4-xpreKent nufbems W-AWell appear on -l

IIWa-asP display video taps
2. Iii -elevator ru Waite b in d resper, secwad
3. P101O - pile Amlduce4 oscillatie Lrdatig
4. A/C a ircraft coniguratk
S. so's - i -fs
6. CR-, Cooper-HerzPes. swing
7. Q pilot did not fly tte kest condition4

WMudpla mtgrbyefonrt mm' pSa rdpk'ei sLAPia 21aý32,i

6
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Column, aic aftcfiguration by subpolo ro-w. G& U D Afl0
Rate limit is varied ovea the x-axhs In each piet, said SXMVULA fON D2ATA
pflor are ideatilkcd by diff"Ibr syMbols. TheC
following analysis of rating Vereds i r down.
by aircrafi coaftnuarioa.

Overall, configurnion 2D was evaluated as Th( tsi teM flw 5.0 hours in LAMARS

Level I with no PTO tendency for elevator rate on 25 April 1997, to complete as many of the

limits of 20 degres per seomad ard above. Pilots test points in Appendix A as possible. In general,
commented that configutmion 2D felt "sprgy" at the saute procedures used when flying the NT-33A

elevator rate limits of 50 degrees per second and aircrait were used pi LAotAwS. One in AN dorS was

above. Consequently, lower values (30 to 40 degrues thw no safety pilot was required hi LAMARS. Each
per second) tetndied to "sniood'a" the ahcr4ft repilot flaw test conditions in e same order as hi the

resulting in better ratings. Decreasing die clevator NT-33A. The pilous, however, were not aware they
mate limit to 10 dt¢ets." per second dogtaed raw were flying she rea conditions in the sume order,
and resulted in one PIO. Tke differmice ltwea the nor were they briefed on the results fomn flight test.
andresulteid inone p thaffect pilotracbetweeng h Hence, tile pilots were still "blind" to gti test
two tasks did not appea•r to affect pilot ratngs. conditions being flown.

Overall, configuration 2P was evaiusted a4s
Level 2 for elevator rate limits of 20 degres per
second and above. Generally, pilot ratings were
higher for the suwnof-sines than the discrete task. Twenty-seven of the 36 test conditions flown
Configuration 2? had added phase tag which wa on the NT-33A aircraft were flown by at least
a function of frequancy. The sun-otfsines wk 2 pilots on LAMARS. Experimeat nunber, aircraft
was frequency based; thereibre, it exposed phase configuration, task, rate limit, CH ratings, and PI1
lag more than the di.scete uask. The 2P surn-of-sines ratings are listed iA Table 5. Table 5 (LAMARS pilot
P10 ratings ranged from "a tendency of undeshrable ratings) is structurcd in the samae manner as Table 4

mnotions affectingo task peformance"' to "~ausained (141-33A pilot ratings).
oscillaions with possible divergence." However,
none of'the rate limits tested caused the aircraft to There were two issues concerning LAMARS

be uncontrollable, that wcrc not resolved:

Configuration 2DU CHI ratings ranged fom 1. Apparent stick force per g in LAMARS

Level I to uncontrollable depending on task and verus than the NT-33A aircraft, and

rate limit. Handling qualities cliffs were discovered 2. Tracking task commanded bank angle in the
as pilots gave favorabie coamnents dming a LAMARS versus the NT-33A aircraft.
good portion of a task and were then surprised as
control rapidly deg-add rand the NT-33A automatic The following results assume simulation on
safety trip engaged. Duinhg one evaluaiion, the LAMARS was representative of the NT-33A. LBaues
safet, trip engaged at an elevator rate limit of concernming the fel system =d task an LAMARS
60 degree per second during the discrete task. The shouid be examined to ensure they Match wiat
sm. e test condition wes evaluated Level I during a was flowb oa 'ehe NT-33A aircraft. C(R•
different evaluation. Witlh the standard NT-33A
elevator rate limit, config•uratiun2DU was borderline Figures 5 and 6 show pilot ratings for both
Level 1. The discrete task exposed handling qualities tie discrete and sum-of-sines tasks from the
deficiencies at higher elevator rate limit values than LAMAR.S. The format ofFigures 5 and 6 is identical
the sum-ofsines t-ask. Only at an elevator rate limit to Figures 3 and 4 (NT-33A flight test results). The
of 20 degrees per second did the NT-33A safety following overall trends and evaluations are broken
trip engage for the sumn-of-snes ,msk compared to down by aircraft configur•tion.
60 degree per second for te discrete task.

nThc R within pantwus cwporrids to the boid Id
rgommnrwat. in the Conclusions and Reommndarions
sction ofthis t .
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Table 5
PILOT RATNGS FOR LARGE AMPLITUDM MULTIMODE

AtiROSPACE RESEARCH SIMULATOR PROGRAM (25 APRIL 1997)'

If 40_- 2, discrete 10 I

42 2 dosrete 30 j_4• •

-os l ., .-. : _____44 2 iscete 2j 2J!Ji

47 20SO S 10-j

4248 SOS 20. 22j
492 &'j sOo 30 2t1

solo sos__ =~.•____ _ 0!..
! Cisr 50 f 3QJ.I__.___3~

di5 J 0rOt 407 j •. 6- -1
4 disýWte 157

95 6 20 SOe 30 2141 20211-57 SOS 5~rtl0 3 511- ?2J141

55 2PF disennte 2 0 214/6G4 21/42

2? discrete 30 74
6 ? SOS 2 20 IL3./64. _ 2j2/4L

60 2 o J0i L21]_

O2 SOS 1 0
--- -4 ?jSOS -40 3t12/2~7 A m

65 2P D SOS s 0 36 f4

567 2 SOS 157 s-f U- A
*69 20 sret 20 10 198W15 /Jt/3

70 -2 -D i discrete 30 1OJ•AMJ- J
714 01 dsase'1 40 2/Ijya 1 1/4L72

72 j~200 disc etc so 2 2t3114

7m i 200C 1 cisc-roto -L06 jiL

760

i DU j u301 278 20 SIDS 20 L~ 18 SIPIL

79__ 2013 -SOS 5-0 f 321

go 2 6--1) j 6 8O 6-0 A517

Notes; 1. Ep - Calspen designated axperiment nwnbars which uppe a n,
at lux 00Video tapes

2. Rt - ele-vator we limit in degrces Petr second
3. PIGS - plint-induced oscillation clfing
4, A/C - afrorait configtiration
5. SOS - suan-of-si. .s
6.,CIHI2, - Cooper-harper rating
7. ".-" - pilnt did not Illy 4we tat condiumn

muhiple mtiný Gby gene pta'I seperst by "P'. (1"&w Of$e Iýw mise i5 "Pilot I~ Pllot 2 Mil02 3.
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S. . . . . . . . . . . . . . .• . . . . . . . .. 7 . . • . . . . . . . . .

0 1

g -t Lun 2 +jxLvo
34- .-- + XO

243 + w 3 + N + +-

0 10 20 30 40 50 60 157 0 10 20 30 40 50 60 157

Elvaorlie imt(de~gt5ec) Elevmto Rae Limit (flagsc)
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6 6

54 x 4

W3 D+ 0 M. K A + +

0 10 20 30 40 50 60 U57 0 10 20 30 40 50 60 157
Elevnateor Limit (4des/c) Elevator RLe Limit (deWic)

a. Aifmeft Confiramion 21)

6 6--

g T adsX

+ +

0 10 20 30 40 50 60 157 0 10 20 30 40 50 60 157
Elevator Rate Limit (dagl$ec) Elevator Rate Lmit (deg/=e)

b. Aircr&Af Configuration 2P

5~lo2 W1 x"1-

II 4- 4QL Fa

r~ 2t W- 4 ll3)
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Overrall, configurtion 21) was Level 1 in they were most prevalent for coafigurstloa 210. VLALARS with no PIO tendency for elevator rate The differens wow as follows:
limits of 40 degrees per second and above. The
Ko~s wer seen for elevator rate limits of I1. It was much easier to track and obtjai
20 degroes per Second sad below. Ratings for desired performance in LAMARS.
the discrete task Ware .orec than those for the2. twa esirodscndfeecssunirof-sines task. 2. It was easier to dsam diffces

between tt conditions ini the NT-33A airalft.

Configuration 2P was Level 2. Task did not
appe.a to affmet pilot ratings. I The LAMARS pitch stick forces appeared

to he heavier tha the N'-33A aieraft for
Configi"tion 2DU had art apparet handling modigrate to hish-g loadings. Uncoutrollable test

qualities Ciff betwe.en elevater ate limils of 30 &Ad conditions sen in-f•ight occurred ndetr high-g
40 degre.s per seonad. Radtings were highly aggressive pulls. A heavy stick tanded to absorb
cattored. Ratings for dte discrete tak wear wone pilot ag•gessiveness.

than rhoe for thie swn-of-since task. 4. The LWAARS stick gVip was an F-15-t3te;

COMPA= ON OF LAM MRS TO bigger and more diffictilt to grasp. In the first54 evaluaions, the stick grip was slightly loose
NT-33A FLIGHT TE ST =4ISULTS giving the impression of free play.

Figures 7 and 8 show pilot ratings from 5. Since the variable stability system limits
L•MARS and the •IT-33A aireraft. Overall, that tripped off the NITo33A aircraft were not
contfigrations 2D and 2P had good correlation mdetled in LAMAS, the pilot felt ht could fly
betwe•n in-flight and groundbased simulation. bad config•raions longef r
fkatings seen in flight wtre getnerally seen in
LAMAdURS, Configuaaion 2DU I'ad poor coavlation 6. Steady-state pitch response was difficult
between in-flight and ground-based simulation. The to evaluate in LALARS due to lack of eustaind
CH ratings differed by as much as 6, and PTO S feNdbsck. g
ratings diff-red by as much as 3.

7. Lower pilot gains in LAMARS were
Pilots gave the following general differences attributed to lack of total environmental feedback

botween LAMARS and the NT-33A aircraft, These cues (g, visual, engine noise, etc.) that were present
comments wer for all configurations: however, in-flight.
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CONCLUSIONS AND 1flCO4M NbFlONS

All tst obicrives were t. TMree aircft Consementdy, lower vlues (30 to 40 digrees pzx
coafijpraatioas wcre veriiied and flown on tMe NT-33A second) tended to "saootd" the aircraft response
h-flight sirmulator airxcaft and the grouzuidtasd resulting in befttfer ratings. As predicted, configuration
Large Ampliv-de lulinodme Aerospae PtP•sxh 2P was Lard 2 in f•iLgt wdit no •a limiting and
Simulator (LAMARS) using two headup display deggrade with rate limiting. Also as p•rdicted,
trcking t"ks and seven elevator rt liwits. In total, configuration 2DU was borderline Level 1 in flighrt
36 test conditions were flown by at least 2 pilots with no rate limiting and became strongly divergent
in the NT-33A aircaft, whle 27 test conditions when Kam limiting was reached.
were flown by at least 2 pilots in LAMARS, A
datLabase of pilot commants and rairgs, as well as As of the publiding of this repon two issues
time histories, was gporated for both in-flight and rmined outstanding legarding diffrences betwecn
grouad-basod simuladion. LAMARS and the NTo33A test setups,

As predictcd, configrtion 2D did not exhibit Issues concenr-g lie fe• t ,yscm and
PIO tendency in flight until an elevator rate of sak on AMARS sho•uld be e•xmined
10 degrms per second was usWd. Pilots commornted to eQnsawn ey tafrh what was flown
that configuration 2D felt "springy" at elevator rate on the NT-33A a•kttft (Page 9)
limits of 50 degrees per second aid above.

0 0
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GENERAL

The item nud, test w=s defined as three 3. The two trackig tasks, RM
different &hirrals models, a Mran. of mWt limits, sad
two diferent tasks. Tnhic test condition evaluated 4. rfli stS Msets.
consisted of a paricular ailraft model, tak., W rue
limit Fig=r Al graphionlly depicts the definidoi of AJLCR-AFI'MODE LS
each tst condition.

Th ujwmfi wodel was divided into
An example of an individuail tet condition separate gidli a latel eo Control

would be "2D, 20 degrees per seconkd, surreof-sine." models. The, longiftdinal control MOMe for each of
This defines the ailmraft longitudinal cyntumeas, the three configuraions is drssxxibe-. below. The
the =raf limit, ad &e ntlding tusk to be evaluad lariaWdirecdoal contol mcdcl yws i&dnicA for D
by the pilot for a paticular test condition. TIs eah of the the c .nfiguntons, 2D, 21-, and 2DU
test condition was then evalu"a""1 by one or morm and is aescnibed after the thre diMrent longjminmixaO
pilots with the data in Appendix D collected. For models am presente&d
the NT-33A inoffght sinulator tting, a complew
list of the test conditions evaluad is provided in LAD i _tudinAi Cotro Mt-_
Apnondix C.

Genera sucw of the three longiudinal
The rest of the ast item description provides a control models is shown in Figoe A2.

mon doiled dsc=ription of-
The &didfoss in aircrdt long•tudinal modeIs

1. The three galaft models, were in the simulate air-frame plus Oitwn and the
fedb&kL Th Ioblowing saub4sfions describ each of

2. Rat imits, the blocks in Figume A2.

•kirri'a Rate Lim~its Tracking

Models Jdc su Tasks -

2D priay sumnof-simcs

2P 20,40,50

2DU scondway discrete

10,30,60,157

Ng•* AI •Test Con 'dfition•:TsgC•f
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suick Stick pitch
force position = 0 attitude

feel syIstMM rate lIr JL plus Miltrs

Figure A2 Block DiaS=m of Longitudinal Sysuem

5hWA'd Ff quaities Laval 1) airjplane. Confgration 2P was
developed for this profgm by multiplying 2D by a

For each of the three configuradons, 2D, 2P. and first-order lag of 4/(s+4). Configuration 2D)1U was

2DU, tie simulated feel system was ideatical. The designed for tUis program as well; it was inatended to

longitudinal 4imulatr fecl systemn dyrianics had a be similar to 2D when augmntation was active (as
damping ratio of 0.65 and n natl frequency of listed in Table Al. Without angua•cation, such as

23 radians per second. Spring gradient wi when the rate limit wts, rewhed, 2DU had a

25 poundsdg from 1.0 to 1.2 g and 7 povnnrdlg above divergent short.period mode with a din to double of

1.8 g. The elevator geaing (control sensitivity) was approximately 3.3 seconds.
nonlinca as shown in Figure 40.3

In the Na•shSmith experiment (Ref•i•ace 7),

The lateral simulaied feel system dynamies were force command sensing was um. That zs, acraft

designed for good control harmony with a damping co=ands were, based on pilot-applied fo-Ams and
raio of 0.6 and a natim'a frequency of 22 radiam per the ceckpit stick's feel systm was in paMrllel. For
second. Speing gradint was 6.5 pounds/inch. All this experiment it was decided that position sensing
evaluatrions wer flown feet on the floI=r (i.e., no would be used. This is more consistaent with the
rudder inputs), majority of current operaional aircraf-1

The shor-p•riod approximations for 0t8, A set of laterakdirmtional characte6istics,
are listed in " able AI. Configuration 2D was preented in Table A2, was selected for all three
the baseline :e. Its dynaics were baosd on aiicraft modlfs. Primarily, they wee chomen to be
a configumadot evaluated in the, Nal-Smith good enough as to not detat from the longibadinal
experiment (Reference 7) where ft was a good (flying rate limit evalMuion.

25-

2 115 02 In

to

-3 .2 -1 0 1 2 3 4

"iasrinija&1 Sick Dtfte 1 n (WM)

Figaue A3 Nciinear Stick Conrnand Cmrdien

24



0

AUMSMME PLUS FILTEPUS

2))4x 7](x + 1,) ooo

x + 2(o074)(4.86)s + 4.86 ]

2(s + 4)ts- +2(0,74)(4.8s + 4.86']

2DU 7(s + 1.2,O)e-0.040S

s2 + 20. 4)(5.j7)S-+ 5.172

Table A2
LAIMRAL42IRECTIONAL SYSTEM

~i29md/sec
_t 1 m 0.73

Notes: .Ld dutch roll frequency

2. CA - duth roll damping ro
3. Phi to be ratio
4. -, - roll mode timecontat

RLATE LEIaTS

The elevator rate limits wan initially tzlcs and displays were tilHo1 in to N-T-33A
detemined using the runmt-iband simalatioa ou the n-flight sinultWr &ad the &rowd-tse lae
USAF Test Pilot School (TPS) simulator. 7he rnMge Amplitude Mul•tode A="spc Res•erh Smulator
of rate limits were then verifed initially lia c.eck-out (LAMARS). This mection dosmbe the sre of bAth
flights by Casan and again on th iniial flit tt w e arat and the t•akng %•tIle appered on the
at Edwmrds AFB, A fall description of the HUD for each ofth, wo tasks.
procdure used to determine the range of rae limits,
is provided inthe main portion of the reort lin the ca i
T,* Pmedum and Results wcion.

During each test point the pilot was diated to
BUD~ fMLQPICLUNG TAMX keep the target within dI& desired criteia whenever

possible. Cooper-H&e (CH) sod PIO mtings were
Two hwAd-up display (HUD) vra•,ig toks wre based on ie pilot's evaluatioxn of when he was able

utilined to evaluate the andlirig quaultis of die to attain desired and/or adequate performance. A
4ifiY.Aat ailtref longitudinal dynamics With. corn aet docsrtflon of desirad and adequate
diffeet rao limim. For each a of two oo . thý porFomace is proviy!d in Appendix D. The shape

pilot %,&s directsd to keep tie " ' in the of die target e=d t@ shpe of the desired and

Ct ~desired/adeqnate qrxchig mrticle, The anne H1011) c,ýeeqjzte, criteria. ac provided in. Figure A4. It should

25



- 0@
0

Command Bar, TARGET

ADEQUATE Criteia
(20-Millime•xt Diater) Outer Symbol, DESIRED Criteria

e (estimaed by thb pilot) (I0-Milfirater Diamete)

Figure A4 HWD •r=akig task Symbnlogy

be noW that tho pilot had to Wema die sie of the O, trim NT-33A pitch angle (dg)
adequate cite- due to limita•ios in the ability to

mpimn the HUDdspay, TAhe coymand bar on the HMD was driven in
roi by Equation 2. Roll error was im•ited to L70

- ~ degrees

The firsg WilD Uida t was an "off-tc- roll efor = O.S (T' - rollm + t) (2)
shelf' task used by Calspan. 7he task had been
previously used in the Navy TWS curiculum for a where:
handling qualities dononstration of a vaiable

Sstability aircraft, The task directed the target through 46143A - NT-33A roll angle (deg)
discrete steps and ramps synchronized in pitch and
roll. The nodes for both pitch and roll commands of rolla - roll coxhninmd in Figure AS (deg)
the target ae listied in Table A3. Figure AS shows
these commwands ploted versus ftim. - trim NT-33A roll angle (dog)

The command bar on the HUD was then driven hu•gMC- 'jI 0
in pitch by Equation I Pitch error was limited to :3
degrees. This imint provented the command bar from The sum-of-sines Wask wac develo•ed by Hoh
flying outside the RIUD field of view. Aeronautics, Inc., using Equation 3. This tsk has

bean used In sevoral faed- and movLng-baw
pitch error -O Od (pitch. • - ON.3 + Ou,) (I) zs-iuladons, Pilot-vehicle dynamic infonmation cMa

whr.be extracted from the data gene-rated bay this task,
whore:

Table A4 lists values for he pvrme"t.r in
pitchs - pitch commad i• Fgur AS (dag) Equation 3. The sum-of-siman tsk was r pitch-only

task and is sho"wn in Figure A6. A 5-second rump-ih
was used where die signal went firom 2ero to

G NT- 33A pitch magl (dog) full scle. A 1.25-scond rampout whe the signal 0
co (C T- 33A bank anglF) wet Orom full al•e to z.ro was used at time equals

26S90
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Tabic, A3
DISCRETIE NODES

Fic otlpic Roll
Tiar Command Command Time C ommid Command

£.0 0.0 0.00- 75.30 -2.-70.00
0.U0 2,00 040 75.10 0.00 -70.00
5,10G 2,yj 30.M0 77,50 0.00 -70.0
5.50 3.00 30.60 80,00 0.00 30.00

.10.00 306.00 &0.0 000 6 3000
i0f10 -30.00 S258 0 000 30,00
12,50 F 2.0 30420 , 85,00 1 0.00 1 30.00

r Um 0.33 30-00 9-7.10 01W 0.00
17,50 -1.33 -45.00 M00 0.00 0100
20.00 ] 3.00 3.9.00 90,10 0.00 30.00
225•0 2200 IT5.0 9250 0.00 30.00
25.00 2.00 0.00 92.60 0.00 0.00
25.10 2100 15.00 95.00 0400 1 0,00
27.50 - 2.00 30,00 95.10 -I.00 0.00
30.00 0.00 45.00 9750 -1.00 0.00
35.00 -3.00 45.00 . 1.00 4000

-3,10 400 43.50 -100,00 - 1.00 -70.00
37.50 -2.00 7.50 102.50 -1.67 -70.00
37.60 i. 6.00 107°50 -3.00 -23.30
401.w0 - 06-WW -30,0 .1.1.0 4.00 0.00

42.50 .007c -1304) 1 ,00 0.00
42.60 3,00 -30.00 112-60 -1,00 60.00

* 45.0W 3.00 -30.0-0 115.00 -1.00 WOO0
45.10 3,00 0.00 115,10 3.00 60.00

.250 3.00 70.00 117.50 3.00 5 60.00
55.00 3.00 70.00 1177.60 3.00 -30.00
60.00 W -. 7-0.00 i120.00 3.00 -30.00
65,00 0.00 -23,30 120.10 2.00 -.30A00
67-50 0.00 .70.00 -120 2.00 -30.00

70.00 0.00 7.0 166 1.0 _£ -15.00

72.6000. 000 127.60 0.0.
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73 seGwOds, he task Was dCm od to pvide TEST ASSETS
continuous Conmmands, but limitatows Of the0
NT-33A computer requimd that the command 3 A T §n
signal to the HUDI be updated only four thnes
evee second, Linea inteplation bewo The USAF TPS simulawr we. a PCobadel
comnaadwpints was used to smooth the el1iltl. shraiatox, mada aciured by Hligh Plains

7 Engineering, Mojavo, Califomia. It was ii•n•b•se

CA, si¼)1t) ~and piortable; designed for -use iW the classroova.
TIis simulator wa. unique in that it was designed

whore: specifically for high-fideliy, handling quality
simulations, which demand minimum added tie
delay. The total time delay was the su• of

* z 2w3 (3) coaputational delay aud video sy" nn delay. ForPIG NO imualios, the Computational 1e was
200 Hz, wit video refiesh at 72 -1, for a
w01rat-cae time deiay of 18.9 miflsecoads.

Table M
SUM.O•0FSINS PAM•1Al WE& The cockpit ergonomics wer represeanttive

of a mo•rerm fighter. A mechanical conwrol stick
P-i N1.. .. . 'F . was used which sjproximaed the pitch axis feel

1 00 2 0.19947 system dynamics of the NealSrnitb flight tes

5'-0 5 0(4986fteftrence 7). Simulatioas wore done using stick
- 3 ! f00 __ • •defleetion to drive "die m odyaa ie model,%.

00 24 1.39626 The acuator dynamics aid rate laiting

6 6:26 70 42 4.8879 w41t selectable from the grapicl user hiterthe.
Sj90-1, 8.97598 The actuda-or mnodel used had first order dynamics

am=ý-with seevoencl a raw lhimitig. Thin iteurad in
Noeus: L Amplitude increased phus lag of the actuar when rm

2. Nj - Natural Frequency Gain limiting was uncounterd.
3. ( 1 . Na•al Frequaacy

3

2 I1

Q~ 21k A

o2I

-3 1 . .. -.. A - , -V- -- - .. ........-- 4 -- -- '

Time ~e, (C

Fi 2eA ea-f&eTs
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_____ Ai-Ie The Nr33A had a variable sabilihty system0
(VMS) diseagiemecnt mechazni which allowed

The hinflighr test pia••)rm was the USAF the pilot to manuaiy disrigage the VSS by
Flight Dynamics Laboratory NT-33A aircraf hands-on throttle ad stick as required for test or

S&N •i120. The NT-33A aIrTcri, modified X4 af-,t, e VS atomatically digagd whit the

opeated by Calepa uader USAF contact as an paameters excecrdW th@ cdritra Ilistd in Table AS.
hinfiight sinnlcr, was an extesively modified When disengaged, the NT-33A aircrf reverted to
"Lokh-eed T-33 jot trainer (-.etbrnce 8). The normal T-33 flight dynamics and tie safety pilot
original Tý33 nose section was rplaced by ma took control of the airerait All tInxe-scoriy data
F-94 nose, providing space for the recording wen- recorded using tde onboard Ampex ARO00

itluiplnent and the electronic componeats of *.e flight dam recorder. In-flight data pametefs,

variabe stabily flighcontrol sysm. The front coll-ction rate, and valid rges are deftind ih

Seat Cowrils were rplaced by a full-authorit, Appendix D. The HUD video/audio fecorder
flyoby-wh-, flight coiol syStem and a variable systema and a separt audio reording systam were
rspose aficil feel rYsm. The evaluation was uned to record pilot comuments.
conducted frow the fiowt cockpit t.rough a center
stick acd ar-edder pea awnagetmet. The rear ccvkpit sorties a a&id 9 were floiw with an acrial
contamed the oringal mechma flight cont-ol refueling probe installed which ws assumed to
systm off the T-33 jet wtain. 'fhe rmr Žk$ not affect the flight cha-acteris-dis of the test.
saety pilot swved as the sysm operator by seng Coditts.
up the reserch epmntaircraft configuratons,
and hR01) Learne. The Nt3ZA progrmmable lOia h Ag
analog and digita flig control syistm allowed the Joeae JnRsAta'I&U'
aiPlne to atisue auy of the pitch flight control
conafiuaions (Figivns A7 through A10). A fully Th'e LAMARS was a motior'ba4sed, 20-foot
pro=amble HUD complemented the variable dome with two side projectors, =h with. a
stability fesaturs of the N-T33A for ccvkpit 40.5- by 30.degrwe field of view (FOV), and a
display, rosearh aud evaluaton, and allowed the canwr projeotor with a 45- by 30-degree FONT. The
BUD Ltacking tsaks t be displayed. Tota FO was 135 degrmes without gaps.

W- ndWidh

025 0 2P

0.2 ---- n

h 0.16 0 O potbl
Pha lo NO
D-lay•"0.1k ( "°

0.0: 
:____ , a t

0 1 2 3 4 3P0

Figure A7 Predicted hiandling quslies and PClotLndneed Ocillation
Susceptibility Using Spandwidth Critegrion D)
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"[ L•Nol2

CAP •t Sid: Tlrw.

0.1 1 10

Daft On g to

Figin AIG0 Ne~cWlc b andling Qualites WUsg Control Atii nMuetou Ptiw'awr Crlimeion

Tabie AS

NT-33A VARLAR~LS STAMMrr SYS'l~A SMfl Th, CMP fl'fltA

N. + 4.2• U/ý03 g

computer stos outpnttrn sqeaus wave (uoiupetc. aliv signal, ftntuiticm at oud

&aevo (olovato) ±&4egwc erohm lc waictual and comamad rAt s&-vo amplifier
servo (rudde) sAS-dwg mmn botwen wina and commsnd at stavo ampliflcr -

2. NY lateral aceleastion I 8idder delection
3.v ofva- dectioa
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GENERAL

The MIDU owbg odol Vtidndora rests are Mhe fltquaney reajOIM was sateutaz with dwata
pmwi&nd ia dhis Qr p ist. from 40O socod M=09nsl Ia wdina W& ymp

"T1o flight ten " aquny rsyaw is couqiad to a
1. codrw-ton of wt-iomaie pitrbnwof Lowr Ot*,r XqIwvolenlt SysEmO "aOs) estimatio

karo the NT-33A flght tt a& MATLAB* 4.2c for 2 der r•soe (flgws PA! tSI'ough R4). Th1e
rAm l Coai am provided foo the 2D, LOS esimation ws gatd with a modfied

2F md the 2DUT Wiaaft mwodlz (See Table Al) MDlSfltA797A (Aefereuc 6) awsij~htiiig fimodon.
The LWB 2nd orde pawaizwr ((q a4, , TO~ are

2. Hipgat m w m feqeny =W=ons, ph= ase d stawiw in toe Tmss anid li deuadoa sutoa of this
, for &- airat models, 2D, 2P. smd 2D0. 'Vport (TbRe 2).
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APPENDIX C

NT-33A iUTG TEST RESULTS
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GENAEAAL S

"Th.is appendix contains the NT-33A flight tes of 6. This same logic was used for the Pio raving as
resuitis inicluding indivi tual CooqarIarper (CI ) wand well. Finally> the asterisk menus that a plot of thls
PlO mings, aid pilot colanents. The resul't of each scifiG test point is shown below.
test condition flown ra disiplayed on two pages. The
d= arc preasted in the order defted in TaIble Cf. 2. Graphical rsults filrn a single evalua•ton

of a est point. The time history of the pilot
The followhig information is displayed for each lonsitudinal Vtking and a histogm•m of rate limit is

tat condi•ion (Tables C2 through C73 and FthuS provided. it was iaoticd jusg pior to te release
ClI through 036): of this repoit that there w&as a time discrepncy.

leinc the timhe histories am off by approximateLy
1. A swnam•y of the overall evaluation of thde 1t percent. The Flight Dynamics Directorw e (Flying

cornfiguration. This swnmry Comnes fhorn Qualities Secion) is the point of contact for all
postprocess accumiulation of pilot comments and correctoos to time-history data.
ratings. ThIe Coorpr-Haxper ratings (CHi•s) are
separated by a "0" when the evaluation pilot has 3. A camlog of all pilot comments from the
changed and by a 'i' when additional ratings are in-flight data. Every pilot comnansn has been
made by the same pilot. For example, 415/4,P6s Uarnlated into these tables. All pilot comments epa
means that pilot I gave it a CMR of 4, while pilot 2 organized pfr pilot and flight evaluation. Once
rated it a CHR 5 his first attempt and a CHtR 4 for his again, the asterisk denottes ihat a plot of that test
second attempt. Pilot 3 gave the test point a CY, Point appears on the previous page.
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- -~TEST POltrTS FLOWN IN ml~ NY-33A

Nmo. Tat aCo~iirNO.I Tacdkn_
2D, 0 fetzpnr mc~md, r 6 19 2P,10Odpcz'sepcesdv, 32

240degme perscnv2 r2,20dev'cft ioer co
g I JSOS

DIS SOS

DIS 8SO

7 2D, 10 difs per smou, 58 •2 2DU, 20 de•g= par cond, 94
1,08IS DIS

0 f 24l57dqzmper sprrecn 60 26 24 U, T 0 d2eget persewod, 96

so$ DIShC 2,0 SOS ____ , 19 2D,-30 degrees p•erwseond, 62 27 2DO, 40 deg prs wscond, 9

10 2v,44Odegesper M.'-d, 64 28 2MU,S50 degmmws wsceid, 10.0

SOS Dig
11 250 degrees per seond, 9 2DU, 160 degrees per s¢nd,

s$0WS DIS

DIS 01S3

12 2D, 157 degrees per scond, 68 30 2)U, 157 degveas per secontd, 104
.910 s o _ _ _ 1 _ _4 _ 1110_ 'IS

13 ~ ~ 2x~ii- awr,_Y - 1Ir, 2U40 degrees per se-cod_, luG

14 2P, 20 dUes per seoad, 72 2D3U, 30 degrees per weond
D_ SOS -

is 2P, 30 degree per secod, 74 332DU,40desp cjo 7 d, mr0
,di _ _ SOS

16 2?.,40 degrees per second, 76 34 2013, 50 degrees. per seconid, 112

2.I SO.S umo-•n

_2P, 50 degrees pe-rs-cond, -78 -3 5 -203, 650 -degrees per second, 1114
013 SOS

is 2P, 157 degieser per second, so 36 - 20,13,57 degresppersecond. 1716F

2. SOS -sunmoi'= lees reck

D
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TOIC C2

.-Uh d• the fte vwl-adn Obiiiiy WU UOT objewbalbi¢. Ewh evaluation Wchive,• th desifta performimoe

Md UOMMARY 21i. Gaih M WS M t bO 10I ODEEr PiI h•EOny. DIM Sk COEPI'EdOr Wa ffii fTAS

aoo. ia asi all fdy 'atcpor of wC mafiaewlaiow, no F1po0 v=k The Ovfruw o ufirm Mpoa pmib

w=or uosaof twae tasko but in plo note oversioot hn them itpe waSe lare duin top gmraossacquistonbll

eam uai latosm atuh fg•oxs aeit developew. This was tioencird a 1ivol 2 Hwmvr,' which prf twres•p•obn•ewNtsu: 1h. The fine- o raftsig ailty wI fn1ý iot ob 3toal. Eac.h evaluaftio Wcieve pint pot. aine ipertbaCeI

2. A "r k pmtes arultiphi thage 0bymi ete co pilot.

Pilot: Ni ot 3 Pilst to Altitudo: l it00 ft oA

cva~toas. n allfear eautoso hscnation: 0tion, nodP~ resloted. Ovea0 coWAS fo heplt

--- --- T - . . . --" --, ----- ,--- - L -- ..... - - - --

---- ---------- 41j

-- - - - - ------------ ---- c-- U - -

-- --- ----- -.. . -•- -- - - - -- -- -- ---

o 20 s0 40 Go so 70 so @o 1 W 110 i0
Timew (iSocz) T rc

niovator MAEto Limiting; 2U, DIS. 10 detvena

%40]

30

0 a 0 0 0

Fi•-m C; r.s.nradlve Night Te&t R.ehit 2D, O.•i iUnit of 10 Degrees ft, Second, Discrete Task, Pilot 3

S@ @"• . ,• • •• ......• .6
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Tagbi C3
MILOT COfMMENTS- FOR 2D RA I E LlMWr Of 10 DEGRES MR SECOND, DSSCRE T TA S

A Cnfo 2 { imi 10 deQuc PM ecd Trakg Task Dceta
Moet - Smiks ,I Pilot 2ma o 5/l7 j Pilot 3 - 6*

5 5/4 J6

Wte PO?~ RNovSlow/slow Slow
Prdicble YNsCS Me• &0 te 'i40s d n tracking No(tAhir of the tim

L~undu. dwin fgtocsgoveitooitd occood ed)ndr lno da~g pow Ovk-0ts"mld

tt Lxuh -p,l Smod

6 m DiffICUltEay for =Ina Difficult
largo Uwpliame =acltiq•Ulo ,

DitfrCult fore large

Fine Tracking iDsid/sidj Deid

HaGoo (o rath.t-g) Poor to Pa#Goad wilor

ModerAte (Cross Mostly minima,
Amqfiskiw) Moderat (for Gross

Acquisition) Tolerable
Wazid~mdTolerable/' a oimao
o Minimal to tolemRble

Wes them a PIO? NoeI No/No No
Eaiy IC~ILNO No -

o &6c N ack With smllJ ac d None.
bobbles. Good feeling aoquishioa good under

airpane.posztwe-.gTNo Oscillations
under tracking low and
high a, reovtms wvell, no
gret pitii-up, unloads

BadConw nuohl Pich Small oNcilations about lnitial rospons springy,
oscillations. Aggresive ntaret sluggsh steady, steadyuinte response slowL

capture led to fairly larg-e stale, predictability poor, The coudignrador does not
Ov.Aaots. sluggish to rspond to allow the pilot to truck

negaifivs-g, dessaiule high gain becquac of slow
peri.a- ce criteria stwady-stae rsponse. Two
achieve but gross to thre oscill-atimonted to
acquisition was develop during gross
objecutonable/Large acnlositien.
Overshoot wih gmo:

slut ab stwdh t

Nore: 1. A "P sepArte multi:'e itfaings by the same pilot.,
2. Ais""inia4sts point pi'd Wt in Pigure C1.
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TAWl CA
suNýflWAOY W. RVA= LMT OF 20 DIZGMREISS ME SBCCkUJL, DISCREU TASK

@erl Lt s----•,n .... cc-o• - mti... a b•sd r.....iv ... .... •t -He;n. %• - -' - fl--

- 0.. . . . . p. .'I'M ..... y W . .. •i e W OW Ru a . d.. ,. yma c ras.o. e.. The a.t....pmdcala ak~gthegos quaftn askey. All Ihmt evaluation piloswreal
to achieve *o dosh'd peiforsemno edlrk.a Axe contnml hamovy WaU good wy.t
machunt sddc force. The pilot coWNAposatdon and workload wmr need midubsil by two j
of the tbmew pilots. lnal th &eec evalnaticiL, no PI~u occtnved. Sonme pilot coamenimw
include; "very aim ilying ekplaac," "traks wiell chiaBm svmal," "precis inwker'
"Walle slaggil ,uringa giog acqmM adrg w "muall overshoots (bobbles) of

donu durimLge stepst mid mx dt g. Uis was cemnidnmd a Levol I amroel, Wr& nto

Noes I Tcodafrllg~silt 1JPiot~f o3

2. An ~~)indicaztea es poiut plottc-4 it Fipro C2.

Date Flown: IlVApr-07P-4 Roafmt' 20 &Vjzoo'
Pilot: PilOt I Possum AMudo: 10,000 ft PA

2D________ indicated Veslocity: 2610 KIAS

o 20_L L_. _ ° .° ° ° ° _ "

LongtUmd~nal Tgrg~t Tmeokina Portonnenc

-- -- -- t. ----------I

a 10 2o so 40 60 00 70 go m0 1DO 110 120

Ehleivator RfqW LUmling; 2Dt, DIS, 20 d else a

410

FiguniC- gtsplm iI'm Tst Rmm2D AeeM Ui o 0DaI pmhePm Ssoomd, Dismu "Task, Piotr h
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TCble CS

PRIOT COMMENTS FOR 2D, RArT LIMIT OF 20 DWI5EOS MtR SECOND, DISCRETM TASK

Aimrft Confiuain A9 UnmYst 20 ~ L2rcka re. sso

Not Sr ti•s-) Miot I - 1e -ilot2- 5 Fatl 3-3

Was~~~e' Yes aPO?•" o

Fineri Trackdsding t , aitcke

Workloadicabl M -oiai Toerbl to nigtl C2

gAits a iiongy an

Visamhut Trachin jd"usadn" esi red tm DP eseirede
PI&AA alks well ____

Coaro Noneon Good I jTrrGob lab tTodl Govmodto
Stick~~fo Force J, littleMeiu th ______edw Mduium largeb

Comluggon odsi juig Mo egatve- stp an ouderatg

gosacquisition go, Rc ogosadfu

Note: ~~~ ~ riera AnoV well~c duringtpote i igu,
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SYWAAR4Y 2%t tAlE LIMT OF 30 DEGREES PER SECONDý LASCREIh TASK

2 t K P10 ititiai T&0* __ _ {
0VCMfl E'sabaatton Ibist ton b rsponsive laidali and steady-gue ts rsons. The WMhnft was

i.tsbe .. ....... t@e gro.. acqs..ition cck . a.y. All ..... ew.ac. o. pilots web....le
to achieve the desired prftorwaece eialien. The Conrztn honnony wa-s good width
in1CEMdhun stAi tUes. The pilot CoarPOWAsaOR Wd wosklo2d VA=e ratd Minimal !n ALI
fthee evaluticm,, no PIS Ocernied. Some p_1Cc Woelnd- --nice iPl-an-e, "no
tendeny to oscillat about the Warge,"'V"pit cqvepn's easy," "predemsble' "very goodi k Ti s wj codd a Lavel I ofr i vfthao wadncy for PIG.

oe: L The o of,.is. Not "Pilot2 4
2. An ".. indicats testpoint plotN- in . .-- .C_

Date Flown: 10-Apr-7 Rate Limit: 30 doWsesv
Pilot: 'Pilot 2 rOwsaumeAltitde: i0,00O fPA

Conflouration: 2D Indicated Volocity: 250 KMA

.4 ~~- -- ---------- ------------- --------

a - - - ---- -- - ----- ------- - - -- ---

64

0ýJ 1U o 0 40a SOM a 00l M 0 04 0&4 ¶50a sell. 1'm

Figurn M temso"Mma eFlevato Rate kA2,ku mitig of,01 30 dacglsFarc wnNmu ekM

p 0 1 0



Table C7
IOT CON•9422,TSFOR 2A• RATE LIMIT OF 30 DEGRE•S PER SECOND, DISCRETh TASK

uhrraft COnirai: 2D L'UinV 30 dous persecond r Trck: - Task: Discrete
VAI Ot - Soaigs) - Pilt I - 9 1 Pilotc2--71' C iot

Pinita Respnsiv 2csbn1

Steady-State Rspon¢c Responsive Respnsive Re sponsive

Ptdical, Yes Yes Ys
Cymss A~ais~ou Easy ,Eas EWs

Vie7 akig D&-sfMEra1d (ThiEeiWmireia acbievcj Xsbe

Ceter] Harmoy- GOod GOod to Exelent UN 0od

'Stick Forcs Low MCdI= MeAium
Compeusation Minimal Minimal Minimal

Workload {iuMaW MiniMal Minimal
Was tu a PIO? No No No
Easily Induced? No No No

GoodCharcreitcs pen-oopwass good -- MIAl quic
G• u oPCh f •,is~s Ola•-- T• 0goo7Nice airplane, no ten•ency Pteantly quick initial and

target, negativeg pitch predic•,ul, very good

cptures easy, control tracker
hannony good, gSd,

Bad Chh cmristics Control harmony problem No= One pitch me os•il JLIon

waw noticeable but not too under g (not

objectionable Objectionable)
Note: Ari " indica•s tes point plotted in Figum, C3.
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Table C#
UMt&TIARY 2D, WITE LIMIT OF 40 DEGREE PER SECOND, DiSCRETE TASK

Aircraft Configuraion:M Lflf-4 ogesr-ým

CoprleRaaiugs: 3 il_0- 12
odm&. Lvaluarzon non initial and steady-stat response woere £rW4 5raomv 14 dti

I 9valuations. The i-ft wa predictable making the go acquisio tk ey. Kb

control harmony was good with medium stick forces, The pilot compo•ntion wvas
minimal to moderate, and the workload was minimal to tolerable. In al six ovadstionsa
no PiGs occurred. Sonic pilot comments includo: "Solid, comfortable feel," "it d•osn't
suarprise pilot" "excellent initial captur, ". .control hmannny incraedw Wscee workload

Irolling out of calvatod-g task," "springy arnd abrupt .. roquirig extensjva
compensation with rtoss acquisition." Th is Liicraft was a border line Level It-vol 2

____with no tendency to develop Pl0.
Notes: 1. The order of rxzing: is Pilot I I Pilot 2 1Pilot 3. 3. An i~ ndicaes& test point plottd in Figur C4,

2. A "' saeparates multipl ratings by the ne pilot.

7 Date Flotm: 14-Apr-97 Rate Limit: 40 de•w,
Pilot: Pilot 2 Preosur Auittude: 10,000 W1t PA

Coff~u~to4 v.i icated Vdloety, 250 KJA$

a 1T-=lai jkir dlnnarc 9- I

-i-i ---- -------

-4 •- -. .-- . .- . . . .-- -. .-, -. . .- . . . .- .. . .-; -. . . . ..- - - . . .- . . . . . '- -. . . . . .

"••~~~~~~~~~~~~~~~~~ T . . .-. . .•. . . . . . . . .. . . . . ;. . . . . .. .... .. ............ .

0 0 20 0 40 00 s0 00 110 M20

-Tags ThuSk
- ... Pilot Trark

00Elevatr RMt Limiting; 2D, D1S, 40 deglsvc NO-

20 0 115

Figure C4 aepreseamative Flight Test Result 2D, Rate Lim-it of 40 Dcgs-ces Per Sn orid, Discree Task, Pilot 2
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Table C9
PILOT COMMEN'TS FOR 2D, ATE L•T OF 40 DEGEES PER. SECOND, DISCORET TASK

initial Ravus.•los R oUsive Rsponsive/R, sponsivei ev-0usivemecsponsive

Swpscady-Sur Response Responiw RespoadivTR kgpoTsi asi RDponsivetResponsive

Lletib Yes Ynss agY YogstY

Or= .&c~visitoa Easy E yey/Eaby for $Mall E~aymmsay
acquisition, diffcult, with large

Initil Repons j4 esposiveRespnsiv

Prditfable Desired _ AdequataY sir sY ired DYes sh/ d

PILOT INTERACE
Control Harmony Goad at a•kvatdb, Good/ioo•Goof Good/Good

excel leat at Iwo

Stick Forces Medium MediumlMediunVnMedium Mediur/MUdiumr
Compensation Minimal Moderare/MYnima/ MiniUM 4odatw?

S___Minimal to moderate
Workload Minnial Tolerable/inimuaV TolctbiaTol(oeble

Minimal to tolmablo
Ws thr a PI- ? No }No/No/No NO/No

k Esily Induced? No No/No/No No/N_ o _
COMMENTS

GM Chameristic Solid, confoabit fe-el, Gross acquisition good, mild Very good conflgumtion,
excelient initial capture oscillations when stabilizn• to it doesn't surprise the

fine tracking, compromises pilot. Tracking could ba
pcrformnceNice airplane, done confidntly/
tracks well under g, no Tracking is good!
oscillations about target,
predictable, minimal
compensatioliNo oscillations

___________ _________________about target durng trakine __________

Bad Characteristics Control harmony problem Bobble in pitch, small None/Two small
incrwased workload oscillations about target when oscillations during
rolling out of alevatedog not under g, difficult to aggessive big pulls and
task stabilem on target/Small pitch g's, no PIG but

up with reversal under g, stick wdesirable motions
feels little hbavy with gross occurred
acquisition and wtensive
tackin/Nose-up with
reversal, springy and abrupt
with inputs, litle jumpy
extensive compensation with

L _ _... . . . _ y s a c q ui s it io nl
Notes: I. A "." separate multipt raings y the ana pilot.

2. An , indicates test point plotted in Figure C4.



Ta8le110 6 1
SUM&MW ~ 2D), RATE LIMIT OF S0 UBGREES PER~ SECOND, DISCRETE TASK

0Aircraft Co ifiguraon: 2D i ate Limit: 50 daeoieeser second Tracking Task:, Disrate

Overll valatin 'M intialandateay-sateresponse were rated as responsive iný each evaluation. The
aircraft was piedictable making the gross acquisition task easy, The pilots were able to
achieve the desired perfonmance criteria during fine tracking. The control hairony was
good whit medium stick forces and one pilot noticed the forces lightened at elevated g.
The pilot compensation was minimal to moderate, and the workload was minimal to
tolerable. Irn all three evaluations, no P10O occurred. Some pilot comments include:
"good feeling airplane - solid:" "aggressivencss does not influence Usk performance,"
"two to three overshoots (during gross acquisition)," and "annoying scick force
gradient." This aircraft was a border line Level I/Level 2 airplane with no tendency to
develoM P1O.

Notes: I. The order of ratings is Pilot 11 IPilot 2 PilotS3,
2, An "s" indicates test point plotted in Figure C5,

r Nm NFI-flY as.: 1
Date Flown: i4-Apr-07 RMat Limit: 50 do g/ec

Pilot: Pilot 3 Pressure AltJtude: 10000 ft PA
configuration: 20 Indate-d Velocity: 250 KIAS

Longitudinal Targipt TmeatIng Performance

I I I ti-7

i4- -- - - - -- - - s-------A------
[4------------------------------------------ ------ ------------- I

21 -- -- ---

.a, 'r i i i i

0 10 20 30 40 S0 60 MO 6o 0o WO0 110 120

T...... PM T Trik

Elavator RAet Limiting; 20, 1I0, 60 dmoglec

00
60

S43

22
20 23 2 0

04 t'.1$ 10.1$ 10.00 3206 = 2B t-V 3M 30-40 400 -3 00$ 00 t

Figure C5 Rapresentative ' iagh Test Result 2D, Rate Limit of 50 Dcgrees Per Second, Discrete Task, Pilot 3

54

-4--



Table C11
PILOT COMMENTS FOR 2D, RATE LIMIT OF SO DEGREES PER SECOND, DISCRETE TASK

Aircraft Configuration: 2D IRate Limit: 50 degrees; ocecon~d "fra-cing Task: Di.screte
Pilot -Sortie(s) Pilot I - I Pilot 2 -2 Pilot 3 - 3

opT-HIarper Ratings 4 (due to force gradient; 2 4
close to 3)

PO Raings 2 1 2A01CRFT

initial Response Rponstve Responsive -e Responsiv
YSeayre Response J Re.sponie usive ie ] Responsive

* Predictable -~fYes Yes Yes __

Gro ssA Acq4u isit io n Easy (one overshoot) ____Easy Ys____
FieTracking Des ired Desied Desired

i PILf'OT INTERACE
Control Harmony Good for greate than 1.a Good Good

a
Excellent for 1.5 g&'

Stick Forces LowthihF Mediuma Medium_
Compefnsation Mininal at highog Minimal Moderate

Workload Minimal Minimal to Tolerable Tolerable

Vas there a PlO? No No No
Easily induced? No No No

COMMENTS _ _

Good Characteristics Good feeling airplanet - Really nice airlane, Aggressiveness does not
solid mainimal compensation, no influence task

tendency to oscillate, very perfoirance, pretty good
predictable, gross tracker
acquisition was good,
good tracking under g, no
pitch oscillations, rolls
good inder g, minimal
compensation for back
stick

Bad Characteristics Control harmony is a One to two stop short of Two to three oveishoots
problem, maneuvering target with gross
around F, br•ak point is acquisition, compensation
annoying, compensation required with progression
was gwnerally in response in task
to F- gradient

Note: An indicates test point plotted in Figure C5.

0
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Table C12
SUM,.ARY 2D, RATE L597T OF 157 DEGREES PFA SECO 1D, DISCR1TE TASK

AircraM Cnfgracn 1 _RWAte imt:157 a
Oeahl2tCul E aluatin 2 _kreje Ratingp Tak )sr

aveml Euluaion Theinitia respornse was respoxisive, but thog uteady-state response was fast making the
W rail a little "jffky.' The aircraft was predictable tmaing the gVoss acquisition Wk
easy. The pilots aere able to achieve desirod prtbrlmlace criteria. Th1 lo noal hkalsony
was good with medium stick force. The pilot compensation was moderate and workload
tolerbl.. In tho two evaluations, no PIO occun-ed. Pilot comtuent included: "pitch rate
oscillations were quick and surgnsiug - rainor but annoying deflciency?" This aircraft
~gvation was ted as Level 2 airpi~ne with no tendtency to PIO.

Notes: 1. The order of ratings is Piloti I f-ilot 2 j Pilot 3. 3. A"-" indieatesnc rating was given.
2. An "" indicates test point plotted in Figure C6.

Data Flown: 22-Apr-97 Ralt Limit: 1W7 dog/iec
Pilot: Pilot 3 Pre•ue Altitude: 10,000 ft PA

Configuration: 20 Indicated Velocity: 250 KIA jJ

Longitudinial Target Tacking Pa•lomanue

4.- -~--------- ------ I

A -- -- ------ fI
8 - - - - -- --- --

-4 ------ - ------ ------------------------------.. -.. -.. ..--.

0 0 20 30 40 so M0 70 80 go 100 Ila 120
Timt (a=a) -

Elevator Rate UmLtlag; 20, 013, 167 dogiStu

40-
24

20
2 1 1 i e 0 2

&- 310 %451 10-20 2WS3 3&4 3"s3 3&40 14"a 464Q11 -0 WS6 S0 -'60
MIA&I tiwvatr Wine

Figure C6 Represer•adtie F16it Test Resit 2D, Raft Lirmit of 157 Dgrees Per Second, 11s:crete Task, Pilot 3

5C

ci. © U@



@

Tible C13S
ILOTICOcOU[•E S FOR 2D, RAIh LIMIT OF 157 DEGREESPER SE•• D•, DISCRETE TASK

Aircraft Configunttion: 2D) JgarLmi:14 eges per second1 Wrcing Task: Disrete
Klf ISrH-RS pilot I- 9 fl 2-Not Flown Pilot 3-S-

~H pe R~n~2 Not Flown 4
P10 Ratill. -j Not Flown -

Initial Rvsons yon R good) N/A Responsive
Stoady- sio s sporiw ______ N/A ____PHLT__CFast

Predictable Yes (one of the best) N/A Yes

Gross AcquWisition EsyN/A [/A
Fine Tracking _ _ _Desired !A _ _LDeshod

_ PXLOT INTERFACE-
Control harmnway Good ho avy stick at NIA Good

Stick Forces Medium N/A Medium

Cor nsation _Miniual N/A Moderate
Workload Minimal N/A Tolerable

Was there a PlO? No N/A No
Easily Induced? No No

_CO0XtsNT$

Good Chajrteristics One of the best NIA None

Bad Characeristics Only mild unpleasa•ess N1A One big pulls under g,
due to conuol ham-ony. pitch rate oscillations (2 to3) that were quick and

suiprising (minor but
aroyhng deficiencies)

Notes: '. An indicates test point plotted in Figure C6.
2. N/A not applicable.

U
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Table C14
suIEVISIvC 2n, RmirR Li AlT OF 10 DEQAERFES PER. SECON'D, Umw-OF-SINE-S' TASi(

Aklcraft Configumison: 2D - _aeLii:lidere e scn iking Task: Smas-of-ie
C. ..-....-Ratings: - -- _1 -7- -
Overall Evalatiort The initial and steady-state response was considered slow to responsive. One pilot felt

tho slow responsiveness of the airciaft made it unpredictable and the gross acquisition
task difficult. Onia pilot felt the gross acquisi•ion of small input was easy while The
larger inputs made the task difficuit. The stick forces wore considered medium to high.
The pilot compinsation was moderat to considerable and the workload iuaged fTom
tolerable to sligtor intolerable. One pilot felt a smrall bomnded P10 was w-sy to induce
but can be eliminated by reducing pilot gain. ThiS compensation made the trcking taski diticu The other -two pilots did not encounter P1O, but felt small bobble about the
target rnaking the t(Mcking difficult achieving only adequaýe peRfortaance. Some pilot
comxmein include: "This aircraft was ratd as Level 2 bordering Level 3 with tendency
for umdesinable motions compromising perfonmance task."

Notes. 1, The ordar of rtnAiPif io f'lt. _ _ _ _ _ _ _ _ _ _

Data Flow'n: t6-Apiýo97 Rate Limit: 10 d~a•;w,
P~ilot: Pilot 2 Pia.ute Altiude: 10,000 ft PA

onfiguraon: 21) Idlenaiad Velocit,: 260, WkAS

5 LONGITUDINAL= TARGEiT TRA K. dimMA tt _________

--- - - - -I - -
-- -I - - - - -;

-4 --4 ~ = - - -I - -- - - - ---- --

2 . . . . . 4- . . . -- -7 - ---- --- --.- --. . -. . " . . . . - -

-- o- . . . .. . . .. . .. . . . . .

-a -- -- -------------- ---------'

0 10 0 30 40 so 60 70 Go Do 1W0 110 1i0

-.. . .P T'tik

mc . _______ :Jovato RatN Lim!VpTlj 20 30 1P~gs ~ _____

do 49

0 0 0 0 0 0 0

04 4 1 0-11 9U 0.2b Mc0 5-0 1 41345 4&1M.3 040 5.0 '0

ROMs A'tU Eltootor ftniv

Figure_ C
Figure C'7 Representedv e iglt T'. es•uk 20, R~te Lirext of 10 Degres Per~ econd, Sun -of-Sines Task, Pilot 2
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Table C15
PXLO CO MMSFOR237D FLTE MITOF 10 DECKEES PER SEECOA A SJ.M41OF-SMhS TASKFAiroraft Cone ___ 2D Rate Limit. 10 degrees We secon,ýd TI .cking [ask;, Suin-of-Sines 4

Pilot So&rtie(s) pilot 1-9 Pilot 2 -7?ilot 3-S

n ~itial Rsponse Slow Responsive Slow
Steady-State Respo Slow+ Responsive Slow

Predictable No Yes No
Gross Acquisition Difficult Efy (small) Difficult

Difficult (lage)

Fin@ Tcki J _ Desired j .... Adequaty N/A

Control HkMrora' N/A NiA { N/A
Stick Forces High Medium Mediun to high

Compnseadon Minimal (for Fine Tracking) Moderate Moderate to considerable
Moderate + (for Goss

Acquisition)

Workloadd Minimal (for Fine Tracking) Tolerable Tolerable to intolerable 0 e
Tolerable (for Gross

Was there a PlO? No No Yes
Faily Induced? No No Yes

______ COMMENrS____
Good Characteristics None. N/A None.
Bad CharacUistics Heavy stick, slow response, Difficult to stop on target. Slow initial and

led to significant overshoot. Small bobble about target. steady-stato response•,
small boundod PIG1
eliminated by lowering
pilot gains, hard to lrackthe uaWgrt. {

Notes: 1. An "'"indicates test imint plotted in Figure C7.
2. N/A - not applicable,
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TableC 16
SU11$ARY 211, iRATES LIMF OF 20 DEGREES PER. SECŽTND, SUM-OF-SN 'S TASK

.Mrrafcowl- 052' Rae Uit:20degrees Oper second I ;rackicng Task: Sum-of-Sines
Coopor-limrperRatings: 4 31 & -1 PiRatbgs: 322 E repos4e0 w
Overal Bvaluation The initial response wresponsive ,nd the steady-state response wa rcsnsive to two

pilots aud fast to one pilot. Ovenril the aikcraft was predictable making gross ac¢quAiton
Ak easy ad the pilots were able to achieve 'the desired perfoa.nnce crtaria. The stick

forces were low to medium. Ono pilot noted dhe compensation was minimal for
achieving adequate cit•e•a but moderate for achieving the desired criteria.
"71c workload was minnmal to tolerable, The three evaluations produced no P10. Some
pilot comments include: "flyable airerAi" "good gross aquisition, "tiny oscillation
widtin the desired cteria," "overall configuration gives the pilot good confidence and
tracking," and "mildly oversensitive driving overshoot- (bobbles) during the initial
capt-••." This arcaft was raed border Lavel I/Level 2 flying qualities airplane with
tendency for small undeirkable motiojýs whfich do not affect the, twsk performance.

Notes: 1. Thc order of ratings is Pilot I 9 Pilot 2 - lot 3.
2. Ant "0" indicates test point plotted int Figure CS.

Date Flown: 10-Apr-97 Rate Limit: 20 doeg/se
Pilot; PCIot 3 Psure Altitude: 10,000 ft PA

Cwnfigurtion: 2lD Indicated Velocity: 250 KIAS

Pitch Tr•acking Coomond and Closod-Loop Responsep

L------------------1

0 10 20 30 40 so 00 70 so 90 100 11U 120
flmo (3@Wu)F

•°1~ ~ ..... ra " - o o ° o o

Cl ovdT t 2 Rate LUting 20, 80S, 20 dglaT ,

Vo -

*40.

20

Figure CC Representative Flight Test Result 2D, Rate Limnit of 20 Degrees Per Second, Sumn-of-Sines Task, Pilot 3

.. ~ .._' ...... enser-.....err . ... . ..... . .



Table C17f
PILOT COMWEM-NT FOR VD, RATh LUNUT OF 20 DERYEES PER, SECOND, SUM-OF-SflES TASK

3recd2t0es pr second Trackdng Task: Sum-of-es

Coopec'oHarmonysti Pilot] iN/A

Pillot- Sortie(s) _PIlo 1- 2 2o Pilot 3 - 64

atiepone RLonsive RESPonsivc espnsi

Cnrly Iud nd NIA NoA N/A
Stoody4%~t~ist i R sponsee ir~ Fast on i -G eysponqusive Rod. O esplonsiveraio

twredicshtbliaa (adequates Yes Yoierso
Moder woemdraDired _____ Ddesird

W~ there.. J,2ira P10.. . ...

CoFrolyaInduced N/A N/Ao No

SodC~-tickFreiscs Loai icitadw it Gross acquiusion M~-O e dalcnigumaio
Copesio Minishoal (adequate. ModhigstberaTiy gvste Moderatoo

oclain Modehit (dirdesired) ndtmkig

WadChrkladtrstc MidyOesnitimal THobtble aotareToto eovershoot

diroes one to two did not acin ale Tkingy about the tplet whon it

ove•shoota in Initial Satisfactory without jmaps quickly (mildly
capture. Maybe Slightly impa'veient. Unpleasan deficiency).
low stick forcmm

Notes: i. An "*" indicatem test point plotted in Figure C8.
2. N/A -not applicable.
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Table CI 8
SMD44RY 21D, RATE LAIT OF 30 DEGREES PER SECOND, SUM-OF-SDNES TASK

Alvruat Conflg~aiwion2D - ~Rae Limit, 30azger 'cs Pe s~econ tTrwi~& ng Task:-i ie

Wve&-a~ Eialuazon The intW iaed seady-smaee response of this airerei was responsive. The ahuflt was
predic•zblc mel pg the &roi acquisition "s Mritively oasy. The pilots were able to
achieve desired peratormanfce criteria. The Prick forceswere medium. The cowpenesS46a
was minimal fbs fire necking but modere for gross acquisition. The woridostd wus
mi~nimal to tolermble. The four evaluations produced no P1O. Somue pilot co=Qmaw
include: "good airplate," "negative and posiiwv acquisition was good," "very good
taker inseitive to pilot gains and agressiveness," "over-scsitivity in pitch
ge erates 1-4o-2 overshoots during Vxoss acquisiodn." This aircrmt woe ratd as Level I
[wi• ••e tendecy for aawl bobbling alun the Mrege

okatins ispilot Pl~ot 2 J Pilot 3. 3. An "n"' idicates test point plotted Jo Vig=r C9
2. A "' swe s multiple ratigs by thi same pilot.

Wae FlJown: 16-Apr-97 Rate Limit: S) 610,88C
Pilot: Pilot 2 Pressure Altitude: 10=,00 PA

Configuration: 21D Indic-•td Velocity: 250 KIA S

Lonngltw~lhl Target Trackitng Peet=namc=

4 . .-- . -- -- ----- _--
so -7

.2 -- -- -- -

o 10 20 S0 40 50 80 70 so so 100 M M
t~

Elovacor kRat U~mitng; 2D.,808, 30 derjIwec
100 ______ ___.~~______ __

2 1 0 0

Figur C9 R~epresenative Fligt Test Result 2D, Rate Limit of 3Cr Degraes Per Second, Sum-o~f-Sine Task, Pilot 2
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Table C19

PILOT COPAMfI TS FOR 2D), RUME LMT OF 30 DEGRES PER SECND, STASK

f wConlgmoikn: Zy Unit: 30 TNe

Hthot Sornies( MP;iotI-4 j Pilot 2 -M5 Pilot3-6
Couper-ki oM ia Rztinge 4 442_ oe /M a

PTOMaa(ngs 3 2/1 1 i

Initial Response Responsive Iepnie~sosv epnie J
Stý.ady-sateResos Respnte eniv/uposv Responsive

rtwm'jtble Yes YesnYes Yes
Gross Acquisition Slightly Difficult y/Esy qioEasy

Fine Tracking Desired Adequate & Desireda Desired

______ fl1OTN~ZTL1RACE _ __

Ccontrol Namfinony _ __ N/,A _ __WATNA ____

Stick Forces Medium M~ediumIMedium ____Medium
CopnainMinimal (Finie Tracking) 'Minim-al Moderate/ Minimal

Moder-ate (Gross Minima!

Workload Minixal + (Fine Tracking) j TolerablelMininal Tolerable (Low side)
Was there a PIe? No NoiNo jNo
Easily Induced? No No/N4o No

______ COfrtlVENTS

Good Characteristics Good Airplane Move predictable than last Steady-state and initial
test. Desired perfonrance response are quick and
with moderate well matched. Good
compensation/Gross predictability. Very good
acquisition within tracker insensitive to pilot
adequate criteria. Not gains and aggressiveness.
springy or abrupt like last
test point. Negative and
positive acquisition good ,. 4_

Bad Characteristics Over-sensitivity in pitch Small bobbling about
generated one to two target. Tecimique to

overshoots during gross eliminate and compensate.
acquisition. Slightly

Notes: I. A "'T separates multiple ratings by the Sane pilot.
2. An "'I" indicates test point plotted in Figure C9.
3. NiA - riot applicable.
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Table C20
SOMMARY 2D, RATh LMT OF 40 DEGREES PEP, SECOND, SUM-OP-SIMS TASK
AircaftConiguadee 20Rat Liit;40 degree pe=eondl jTracking Te"s- Sum-off-Sb us

Cooper-Hre ng: pl413jjJ§12- iP16 atug 3*2H3 /2
ovelii EkatIUSU The inial &and viady-stt response was Considered ItsponsMive by all tree pilots. 1te

ahmirca was predictable wuking die grass acquisition tAs may. 'Me pilots were able to
achieve desirtd pefrmn a four Out of five evaluations. The stick frees era
medium. Th pilot compensaion was moderate and the worklotad rmged minimal to
rolcnible. In al five evaluatons no Pl0 occurrd. Ibis aimrzraf was rate as Level 2 by
two pilots and Level I by the third pilot. The aircrft exhibited sxme undesirble

wI eorpisd kfomnne' two out of five eisions.
Notes; 1. Theorderfrti S Po Pilo3. 3. An I " idicaws•tt•pintplotdnFirCI.

2. A "" separaws multipl o rains by tho scmrne pilot

Pilot: Pilot, 2 PreSrre Altitud•: I O,XOW Yi PAConfcgumsorm 2D IndiAd Velcity; 250 KIAS

F LevatrdnW7 ma kaig P"orromanee '.G + -I • ,- - - -----. -- -- -' . . . -_ , _ - ,.- -- - . . . .--. .--. .-- -. . . ...-

ooo so --- e------ -- -

* ... ... Pilt ' rat±• I

I~lv~tr at•Liitig;2D, StOS, 40 dog/se
100 __ _ _ _ __ _ _ _

cl

Figure Ci0 'lprara rat~iva Flight Test •esrdt 20, Rn e it it of 40 Deg•..o- Per S*eord, Srruiot.-Sh•,e TI'• Pilot :20

0 0 W 0' T0' i'0

_ . . -. . . , . ' ..' • , 4-4 . _r.-a .



Table C2 I
PLOT CO •v4¶T FOR 2D, RIATE LMIT OF 40 DEGREES PER SECO 133 SUM-OF-Sil-ES TASK . .

AircaftC 01igua .on 2D RaeLimit: 40 dg'c rTrkigTask: Swn-of-Sines,
pilot ores)Pilot 1- 1,4 Pilot. 2 - 2*___ Pilot 3 - 3/6/8

Flo Ratings 3r2 _ ___ .
ina Respons. Respoasive -,povo ResJisive Respoiva,/Rsponsive/

Responsive
Swady-Stge £•Rmoww• Raptmsiw (high) f nRe sive Rows iveiResponiived

PYedctable Yes (less than peviows Yes "mYwY es

01r=s %cquisitioni E"sy/Easy (dtkt sprin 1 ay Easy/Easy/0asy f~r

____________ Jdrove sonae overshoot) I____ ___

Fine Traking feshid ] Adeuate Dcsired/Desire/Dr d

Control Harmony Good Good WN/A
Stick Forces LowiMedium Medium Medium (5 - 10 ib)V

Mediam/Mediua.
Compen=tion Minimal/Moderat for iModelute Modaae/dm odoi-az

Gros Aquisition Mininal
Workload Minimal to tilerable! Tolerable TolerabIW0olerzbl-.

Minimal Minimal
Was there a P1O? No/No No No/No/No
Fasily t•iduced? No/No No No/No/No

Good Cliaraaceristis Desired OK wih sonic Gross acquisition good. Very precise tracker.
compeas•tion. Not a bad insensitive to pilot
jet/SoLid airplaue. agge~siveanss/Frecisc

tracker. Predictable and
insensitive to pilot
gainsiNo oscillations.
Good inc•king even at
high pilot gain. Very sharp
' and quick response.

Bad Characteristics Not quite as good as Small oscitlations about Two little
previous, Overly sensitive, the targoe, Task overshootNone/Noae
Not as solid as performatce compromised
previous/None slightly. A bit more

msitive tha priorr. [n
Notws: 1. A %i" se es multipi ratings by te t ame pilot

2. An "c" indicts test poent ploittd in Figrim CIO.
3. N/A - not applicabit.
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T able C22

SUMMAR, Y 2D, Mn2r OF 50 DIEGREES PER SECOND, SUM-OZ-SINES TASK

Aircittt Confi tiati i 21) Rat, Limit: 50 de its- per smvond JThid~ng T rk: Sum-odf-Siaes __rm Coper-Harper Pa in -s: 4*322I Zathig2$ijý 1__Orvr 0l Evaluadan The laRial and Steady-swe revýonse ws considierod responsive by all thm pilots. The
aircrft was prwdictable making the gross aquisiion tawk y. The pilots we•r able to
aehicve eyedoea perfonnvzce. Tne Stick forces were mediua. 'ro compensation was
mnadal and the wodklad minimal to tolemable, in all fbur evaluations no PIO occurred.
Somne piliot comment include: "solid feeling," "insenitive to pilot aggressiveness," "RAne

ackking," "slightly oversusitive in pith" aund "lie jerky initial pitch iespone." Thbis
aircraft was rated as Level I with some undesiable pitch which did not affect tsk

-' I onnmce. _ _ _ _ _ _ _ _ _ _

Contigui:•lco; PD nitseted Vudty: 2110 KIAS
Notes:. I , ,M ole of ., i , oe d i, Fiue 1

- F- •-,- ' " = " .... w

Longitudinal Target Tracking Pirorse
a .

- - - - -

---------- -------- - -------- - - - - - - -is -2---------~ v%-$-0--- ---
to 20 W 0 IM so ?0 g go 1aO 11 120

..................................................P aTMAk

Maevfftor pfRaUfnLiviing; 29D, SOS, W 50 n

eo

% 3d
-40.

10

Figure CI Rcprosentative tiigh Test Re. nit 2, Rate Lurit of 40 Degrees kPer Second, Sumn-of-Sines Task., Pilot I
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Table C23 MR
PILOT COMMEN FOR 2D, RA•E LIMIT OF 50 DEGREES PER SECOND, SUA-OF-ShEWS TASK

Aircraft Configuration: 212 RAte Limit: 50 degre pe5r wod Takn k- S -ofSfe

pilot- Sonic~s) Mo1 t I. - 14 Pilot 2 -2 P__3- ilot 2- 3
j~Jnre atns4/3 2 J -

mnta epne fRe-sponsivet/Respeusive } Relponsive Rsosive
Ste kdvy-Siate Respoe Responsive (high) Responsive Responsive

Responsive

Predictable Yes/Yes yes W____YS

Pine Trackng Bewen adequate and Desired Desired
- j a~~eskWredosireld ___ ____

SPILOT iNERFACE
Control H ~ I Good/N/A Good N/A

Stick orm Low/Low + (firm feel) Wedium Medium
Ceoinpat ion MinimalMinimal Minimal to totrable Moderate

Workload mimaliifial + 1 Minimal to t t e Moderate
Watherea PIO? No/No No No
Easily Induc•d? No/No No No

COMMZNTh ____

Good Chmami-erioisc Solid feeling•. Fine, No oscillations about Quick pitch ruson
tckting no problem for trget. Nieffr th last ovrall. Irnesitive to pilot
desired/One small point. Not having, to agrsines
ovendioot mhen no icompesate for rthe
problem, Nice feeling jet. airersfr. No undsirable

Bad Chanxra cs Slightly oveweitive in N/A LitlE jery initial pitch
pitch. Drove mll resons.

capure~iihdyoverly
senitive. Very springy
feeling. High fequency
shor eriod, but well

Noes . A V/"separates muLtiple ratings by the same pilot.
2. An" 0'IQ ndiaews trtpoint plottdlnign mC'sH.
3. N/A -not apphiable.
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Table C24I
SUFMMAPY 2A1? RAPTE L1141T OF 1 57 DEGREES ER' SEC OND, SUM--OF-9SNBS TASKt

Aitmo-fiConfipuein2 -akn -'lk SmL&s Lirnf: 15

Oveall Evaluation 'kite initial ruSpotise was Slow to responsive ean the stondy.~tste reamts w&a.
rtvsponsive. The sricrat was predictable mting dhe gmss Ncquwiuoit ust eaoy, The
piloss were able to a.-deve desired performance The stick force ware medi&um. The
compensation was moderate and the workload tolerable. In tic two evahmotions no NlO
occnn'e Some- pilot comment included: "good U-scku;" "Insenitive to pilot gain,"
",slight m isoatch between initial and steady-stue rcsponse2" Tide airraft was wed as
Lelvel I with no tsrdencypl._____

Noews: 1. The order of ratng is Pilot I Pilo2 1Pilot 3. 3. A~ niae i aigwsgvn
2. An "ý"' indicates test point plotte in Figmr C121

2Dc# Phdm 3ork 6 AI

2 --- - ------

I* - - - - - - - - - -

a0 0 2 @ 0 6 80 10 N so too uc 2is

Mo~?Rawn Lbvdgm; W3. IN515 6swaee

00,

a L

Fiim C 12 ~oz~tve'h r14 7 gsuktl 2D, , Rat Unit of 157 Degras Fe eW=d4S intTa Pilot 3

c C . C .-~ 0 C)-. 00 ®R



Table C25
PILOT COUMC.NTS FOR 2D, IL-C LiMIT OF 157 DEGREES PER SECOND, SUM=OF-YN4ES TASK

Aixoaft Cogulpratxon.n2D te ~ 5 dgreesprsecond TrckingTak uofSns5
Piozti-so s Pilot I = 9 J Pilot 2 -Not Flown Pilo,__ 3 -- at,

PIO Not Flow

tCdyat Res esonil WN/A MSlowStaL.ga Rcs amvc N/A f- Resonsrive
Predictable. Yes _____N/A Yes___

Gross Easysiio I__ ___N/ j- Easy
Fineorackij Dsired N/A TDesired

_______ ~~PILT XYERFACISE__
Conro _N/A TNIAf__ NIA ___

Stick FPorces Low + (coantbztable} N/A ___Mim___

ComenatonMinimal N/A___ Mdre
Wofkload Mixtifa NIA________ Tolerable

Was thC a PIO? No 1 N/A NoEasiyIduced? _[No j .[_______ NoEasily N
COMMENTS

Good Charactensoes Nice aiplane•, solid N/A Good imcker, insensitive

Bad Cha•terLsics Small workload increase N/A Slight aismiatch between
Wn gross acquisition due to die initial ead steady-state
re•quiement to compenated response (Ceglisgible

C ~~~for Slight Over aeniditM;ydecin)

2. N/A -not appli2•4b.ý

.

.....



Table C26
SUhNMARY 2P, RATE LI•MIT OF 10 DEGREES PER SECOND, DISCRE•T TASK

Aircraft Configuration: 2P RtLit:10 degyes 6er second Tray-g Task: Discrete
'..oocr-H nr atin s: 6 _____ 7,S s3~~L

Overall Evaluation Initial response was rated to be responsive to slightly fast. St•ady-state responsee w
slow. Predictability was poor, with. ewa to thr overshoots. The aircraft was described
as lightly damped. Gross acquisition was difficult for aH evalustion pilots. Fine track' g
was adequate to less than adequate requaing c•nsiderable compensation for a tolerable
workload. Control harmony was poor. No indicatou of a PIO wa noted, though there
were undesirable motions which were cosily induced, Extensive compensation was
required wairanting knproveaxient. •To air-c.•li,,eicld be felt winding up with large gross
acquisitions, with overhoots two times the distance of acquisition ds=nc. Small
oscillations about the target taade the task difficult durimg fine tracking. Thi was
considered a Level 3 shirpane, with adequate perfonmnace not atinable with maximum

0 __o" ........ ortroziAr was not i u

Notes: I. he orderPio6it-Pio2Uiot3.-
2. An "*" indicate test poin ptted in Figur 013.

Q DatW Flown: 1A(M-Wr! Rate Limit: 10 W=
Piat Pilot 2 PReasur Al winu: 10,000 RPAk

Gonflpuruttor: 2P i-ndicated Vdoraty: 250 KA S

Langudhal aq~t Yakinfj Pedon'nanec

"• • • t . .. . --- - --- = = ,-- "-- •

r I

------------- ------ ----------. 2----- L-------

a i .. o 6o so so 70 go go loe Ila no

gkm2w Rate Lkritng; Mt Dift W0 dt ________

100.

2 2

Figixe CISU Ru wretles Plight T04t Rzsul 2F, Rate Limit a 0 Dog=ea Pe Second, Discrto Task, Pilot 2

70

622 . M



Table C27
PILOT COW tINI'TE FOR 2P, RAIRTE LRIMIT OF RO DEGRE~ES PER SECOND, 0 SCIRMET TASK

Airc-- Configuration: 2P RaeLmt t dgesprscod Takn Can: Discrlet
pil'ot -Sortie*) PioiIl ot 2 - * Pilot 3 -6

Coom-" "g 6 6}7
PIC) Ratbings -

Initdi Resposl Slow Fat Responsivg
SteWirSta•e Response Slow Slow Slow

Predictable No No; two to tihree No
ove'•hoots. Fools lightly

Gross Aoweitiaon Difficut - Ditficult Difficult
_ia D fsired -4dqae __ N/A-

Control Haman•y PoI r (fight rowhevy Pr Poor

Suick Forces, todnn ho_ Mediu &_

Corniasation Modramt (for Fine Considerable Considerable; had to be
Tracking) Considerable extra caiflul and load a lot

Workload Tolerable Tolerble Tolerable because the
_ahrna wams sl adw

WPI? No No No; v bad undeirable
Easily Induc•d? No No motions.

t0 Cmaass JFine tas~king was okay Ex W'neur,
with I", gain, low warnts li-nprvement.

Bad Charmaceristis Semis to have a tendency Oscillations about tuget. Study-state response
for PIO with high6 gaif Nose-up bobble with slow. Voy sluggish. Netd
(almost PIO rating of 4), meveral. Very sluggish to lead the aircraft to stop
Not a good feeling gross acquisition, whore I want. Wind-up
girlane for any task, Overshoot on large tendency on large
=ponds slowly to inputs, acuisition 2 tim*e amplitude inputs.
slowly achieves maximum cquisition diswce.
pith me.

Noes: 1. A"" indicate test point plotted in Figsure C 13.2.
2. NIA -not applicable.
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Table C28
SUUARRY 2P, RAME LIMT OF 20 DEGREES PER SECOND, DISCRETE TASK

Aircaft oa~gnotn: 2 Rat Liit: 0 deree perse~od ~Thackirig Task: Discrete _

CoopeMaer Ra s: 5 R4//4/8t__ [-s- Rm 4 - -N31413/4 f 4/1 ..
O-cin-raw vdUsiioa Initial rospouse wa dseibed as slow. Steady-state responuse was irtiposivc. The

aircraft was predi••lbie fo small aquisitions, but unpicdliable for laqr' S•Yoqsiftieo
Cross acquisition was diffllcut Fin~e ztckmg was maiwntan within dasired cr.itariL
The shile trmcked well under ga Co•n•i haffioy was good. Stick fomes weye
Wedium. OvC.MR Companit,io Mequim was I, oder• e d-rbg gms aw-isidon and &Ce

Oodrftincigsl lt llo Imbemtos ,smdrneps qiio a 0ukag

Le flnmiit& ?VCc and

causidtamd a+ Level 2 •mairii with objeradotabje •e~•anfe + t pb,•

Niot- Not °I Pmr m AWit,&: 10,0Z6 ft PA

Cofflgmuon:2pCwieW adtco 2W WAS~

, --- 
I Ii,

Po + I. 1 4A7 m Tw I• 110ht---- --: ...... -I --

0 10 20 30 40 so 20 0 60 go 1W__ I1 2

100 t -RAMUna; 2p, Me, 20 I
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Table C29
PFXL(T COMMMNITS FRoi 2P, RATE LWIT OF 20 DEGREIES PERt SECON-D, DI SCRETE TASK

A11rmraft11 2Fon ?P ms Lkzeir 20 dgmec per secod Traking Task: Discetg

RO Ri - 4/I

sorRw,= Kcq=PoasWefaanta0esns've/ Slow/Slow
___________ ______________ISlow _ __ ____

S-Sesscl~cspora ___ -iest a VURespnsm (all ths otis Slow/S low
Awc91F 4 (xp zr=:wm)Yes/No (large Not/.yes

Gross Acqufisiio Diftizi (al( te o riotnd-Ewry/DifficulVpsy (Finle) D~fficuidD~fi -cit

Fi-f IYai exdlfour mrgm Dmh) ___

________o too tlew-aionirs ________

StckJasvium. + [NedumMoha 'h' c
MkiadFna) MoeaoMds iizJto ModerateModamr

Modemae + (Grosa modcratc
______ _____ odsni~to coldambl

Wusioad is~nal Fine Tocrab~oicrbl~lniel/ Tolerable/Toiremblc
IModeWate + (01ro3s To arable

Easilye Plads? No N Nofr tfe (aro i teu te .tIW M.=

W as.dim £ NO N!oN/s No (l es/Nofuc-'dm)~

ýGi =Qod tics $ Nra tab ad a',dne No;'o~no/Litd ovRshoot fo None/Good ine tracking
Stasdy-stst repomne was small acquisim"o. Unloads well, overall. No uasndsiable

1s 'o( for msk.i negative & acquisitions good, oscillations.
Tracks -well undvr Sf~ltevenes

OW hameaics Hea-vy stck hed tolag Mild -oscillaton when ncti -under s, Very -slow rsponse -big
oversoot in inital C*tsn. 0loadd tacking lee osilation overshoots, lot of
fait a lag. Vary close W, P10). abotut tmirget except with rolling coucenmettin to avoid
1 was on. die reggr ede of? m., emil, task parformance lost due ovmrshoaosio &ckse trgt felt
P10 at rmy kpn to =0l silivnOe'o~w tie ektsft windig up during

overshoot during small big palbs; I wUs Wbe to stp
W*Scqu rtin fourt civ rakoo in that osduiatia by releaing
lmSrg ecquiaitorJPWA bobble for the stck/Pilnh stoady-suste
low-gS tack Large ovv&Moo for respons slow and high stck

1 larg acquisitwio. Fftch bobble orcms. GA-0ss krcQusdton
winroonec-dv 'VWg difficulta=dnot preciselaneo
wac~isiten/PAs, !upg wqukdoit win,--up with grows
and out of f.Ase for Iasge acquisition Eeabils nder

- bii cweow b ?***ad to figa.ghto&sehto pongmasim
______________ - ugstire- acquisitons. so isilion (ml. y napleasAW

Note: I. A "r -Rnaratss mauispl r~atig by lbs =non pialt
2. Anm"" idirties test point plotted La Fig m., C14.
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Table C30
SO 4AY 2P, RATE LIIVT OFP30 DEGREES PER SECUND, DISCRIETE TASK

AfrcmAotxflguratia 2P atc iAmit: 30 degmss Wer seond *Tmukking Tak: Discrete

Overal Evdalaion Initiza ahiruz rcptrns was slow. Steady-state reponse was slow to responsive with
some lack of piedXciability. Gross acquisition was amssessd by all pilots as difficult due
to sllow resPonse. Pibe W&rea g adequwe criteria was met, Stick forces were meldiumm.
CoXmpesation was moderate wilth a tolerabie pilot work-load. No indication of a MlO
was noted. Overal, thie aicraft was slow to respond, but hobbled about the target. A
aia~l undesired oscillation was induced about flie target during fine tmaking. T1he
aircaft was rated as Level 2 due to adequate, cterwia mm ad the requinsncnt for

&zzdeble pilot pnaot_ _ _ _

NVO&,- 1 Orde Ormatsis UPiltAPlt211lt . 3 "idcts ortn ~rgvn
2.An"'idctsetonp t~dr~grCIS.

ate F own: T4-Apr-57 RA ii 0d#%
Pilot: P~lot 'I Pressure Altiude. 40IZ tPA

"Gnfigurn-tion: 2PP indicated Velocity: 250 KIAS

Lngitu as as et tttag Plofrnasnco

-------- ----------.
-- -- -- -- -I I I- F-1 . II

aC 10 20 s0o 5 00 Go 0e 70 so..iatrs W1 '0 M 120

21

Rp C a &TmRmf 2,TW aO 0 0gv ft 0 0vmd D 0cmu rkHO



Table C3 1
PILOT COLOME2T FOR 2P, RATE L•MT OF 30 DEGREES PER SECOND, DISCRETE TASK

Aircraft Configman: 2P lite m Tak L -am
PiG•soA-QSo Pnilot,- D I Pilot2-Not-wA Pilot 3-

Coopex-Hasrpr Riatos - /A Not Flown o
3 ~Not F own 3 ___

___________ Mediu_1A Oi__

*Stuady-Stt Res4poe MRponsive (adequat• for NIA Slow

rowss Acquisidun E iasy ( dq ) Difficult N/1ADiiul

Fine MivokinR••WTotsL/e N/A T i o
ftOT jNTEgFACE

Contol Ha sGood _N/A Good to
Strzk forces medium j /A __Hg

Comlpenstion Minia, (Fine') Moderate -N/A aoderac to considerstle

Wolkload Miinimal (Fnue) Tolerable N/A Tolemble to lintolarable

Was therca PO7 No N/A NO
SEasly yladuckd? No J____ No

2 o oACs N/A None._o
Bad Chaaciiscs Slow response led to =4al N/A f Slow wnifi a&dW

oveitoots degrading jfs=a mtsponse. undcsirabke
I efomnc.Small oscillaons (two to three)

rezidust oMscilatio ta damp out lowyering the

Note: 1.An " indcate tet poe plttedin FgureCliiaua or &eeiagm the sd&c,

N J not acomfortabie

2. N/A -not applicable.
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"rable C32 W
SUMMARY 21PS RATE LIIC OF 40 DEGREES PER SECOND, DISCRE--h T'ASK

OellBuat~iýO'n YrdatiallresVoi:: was poc:: tead stmat:I response was slaw. The axucrtwa
pmlcktoie dwu, small acquisitions, but lacked predictbility diung ugerf

bownded sillations. Control hamnony ws rated az good. Stick fores wer mo-eau to
high. Cawmpenaton required was moder"te to considorablc. Workload was asessed as
tolerable. No PIO was noted, ýugh the aftmft indicated it could diverge dintig gys
acquissidon. Reuired a lot of load dtimig gross =aFuLsion to stop whore desred tkm
overshootiog two to thre fimes. This aircraf was coasiderd a Level 2 aiwarl due to

No 1 eodro aig sPilO.Not PI O I "F0UO3f. •

the Objectionable gross acquiskia~n chmms d litsand the osiltosabolt tue Umrgr
luig &0tit e Omddn. _

.J.

2. A 'r sparaes muliple rawigs by the smwe pilot.

Dat FIm 14w9 Rat Wil 40 +d " L o o

,III

PHj: No Cwm fho 0" tP

-. ' ,"" . 111:111 " ' • .

0 1... . .. iO. .4 lnCc =igd 70 iy S 200 .10.

fac wbmw" Tro

s-=-------------

*0 Q0 20 LW Q0W w 7 o 0 I
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Trabic C33
Mgor CONM~1WM- FOR 2P, RA TE LMIT OF 40 DIRCIEES PER SECOND, DISCR.ET TASK

SAhrcft Conflgnraion: 2P P_ ate Limit 40 degmiac ar miod 7'ki asýDse
RPilot -orIes) 4 piltI-I pii P lot2 -5 I Pilot 3 -3*16

Cooper7TA-P. Rning's 3 (tougb dtecisiou; 51ti
________ - ~~Close to 2) ______ _ _

_______________ j SoiiSlow/r"sponsive
kStd-State Respome Repnsive j Slow { slow/slow
Predictable I yes -No____ e r~nIN

awns AEEHuId on Easy j I) J~Cuia I t Eay)fCutt

_______________P&M tOa ffNItWACE _____

contial Xaman Good Poor to rood J GodCc
Stick For=e Medi= (solid foal) Medium to high - , Mod~uiflligh

CompenambonMiiaCosdro j

Was theea PRY? NO No No/No

Inucd? jNo No No/No 1

acquisition durin fmccnei
tracingZ, the rePons Was

wota wogo A'ad Fuop tinge byv mpiiton sg spoioed by
2.-dI Amk POW. Mids~s =Atonn Citie.my-gb

Wmer &vig fue tackg' omitonsslo

77lo mt h ew ~mvl lw
MRC4dm oer~ur. t caseda lo Of ilo

with sw#.y Qq~fin 0~pmo (load 0



S VAR 2P. RATE LBCT OF 50 DEGREES PER SECOND, DXISCR-Eh TASK

IiALrtaaft C'A on: .21'Rt iiFS agtssux rc Task: Discrete, c

with eas-Y VrOSS acqmilta &ad desived trackimg paIM-fOiaCo attaied. Conim! harMORy
was SOWd M WWIth indim adk forms Coropssaftior Mtqutod asQ moderate with
tolerable workload. No iudic&atin of aP¶O1 w"s s=e. The aircraft tUmckvd well under g
with somne bobbLing "iot dic wap& Large &.cquisitios reaid in some large
ovemboets during inidal ncqtLsitiort. There was seome sluggishes during steady-stew
trakig wit slow responsec to captur coiuitads. The airerfi was considwnd a Lavel
2 sipaneu wida minor annoying dothiwtmai, while sM aleJ to atti dewsird

N4owm 11. tMctorohigs pil~~wt2L 3.vt 3. Ad itt dn igweCll7.
2. A 6 sepces multipl redn by a0 spten.

D&Le FloMIe 15*O Rza Limit 50 &V='ars
pilotpilotIRM PnarAftiiec.10= ft PA

;1Lw7 aon 7p Wecrtru~hg@WdValw: IWK
- - - -- - - P - - - - - - - - - - - - - - - - - - - - - - -

Q0 W Wo 51 00 Igo010 110 ¶211

K: 7
o'.
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Table C35
PWLT COMIMENTS FOR 2P. RAT E LMhT OF 50 DEGRE ES PER SECOND, ViSCRETE TASK

Aircrat Contlgurntoa: 2F'~ j~t Limit; 30 dwmrc per second Tracking Discre,

Pa se_)Pfo -4"' Pilo 2 - 21.5 3 - 3

PI2 Ra/3g 22~

IniialRepo aRrp~ shy ERc'!poive/Respov Slow
staacty-Stw kso n Ilespnaive Respansive/slow slow_ __

Cross Aoqaisiton Easy (Couple of Easy/ayEy
________ ov rshooL, ntbd

Ccrnboi mm Good (tended to tmve &odGood&O Good
________ iadvertnt roil intput I___ ________

stick For=s LOW + (a higher g) M~ewiUm/IVledWn Medium (homny pitch

C ose eua aionM in m alI M o eun e/ M i in m toM od erate

Woddord Mhdntual (Thie)'-ý -Toler-able/Tolerable yoh~lkes

Was there a 010? T Noib (Gros) No
Easily Is duced? No jNo/No INo

COMMENTS" _

large acqubision, cbnract.ristca,
predicsbee tnoks well configtwafia cn heobo
under g, nio oscillation employed aln a -wide

BadChrwMUtcs oule f vmhol Bboutn sargs. miot cUieslu'z of kplanc

dfiutto baii & - osnetwo ovebo

osmillwtions unde loadpedied
'altakig, pilot
onni tu.stio to a hminTe
kobbics, lst

sftedy respose, Slow to
____________ espod tocsptuea.

IN"-: . A "r csa utpertnsb the saue pilot.

2.v.
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Table C36
SUMMARY 2P, RAM- LMT OF 157 DErGREES PER SECOND, DISCPMTE TASK

Airczaft Configuration: 2P F tt 157 oreid T WýkgTak: Discrete
_______wP Ratings:_ j* 4NO Rattngs: 2' ___________

Overall Evaluation Initial, •id steady-state responsu were describe4d as slow to responsive. The airc•aft was
predictable and fMe tacking performace met desired criteda witu minimal to moderate
compensation required. Gross acquisition was described as easy. Workload was
minimal to tolorab1e aid no teridency to P1O was notod. -1e ahraft handling was

described as exceillent very responsive and felt great. The second pilot commenwtd that
the airraft was a bit sluggish, much like a tans-port, with some minor annoyin.g
oscillations under g. Overal•, 1h6 configrtion was mted aos Lvel 2 fbr ninor but

Notes: 1.Teodrof rat~gs is pilot 1~Plt2fht. 3 -iidctsn aigwsgvn
2. An "'" indicates test point plotted in Figum CIS.

Da Ote Flown: 22-Apr-97 Rate Limit: 100 do/ueo

Pilot: Pilot I Praouure Altitude: 10,000 ft PA
Configuratior: 2P Indliatod Voloty: 250 KIAS

Longitudinal Target Tracing Petfotynance

4 ------ . -' - r- - "-•- q --, - -° -.-......---- -----• - -••: -- c . . .. . . .
PIN ~~ - - - - -- - - - - - - -

------- ------~r-----------
H--- ----------------

0 10 20 30 40 0o Go a0 so so 100 tic 120

2ovWatr Rate Limiting; 2P, 0IS, ItiI de~ftoe
soo

4 80.

0: f

Figure C Is Represenariave Flight Teatý Result 2P, Rate Limit of 157 Degrees Pcr Second, Discrete Task, Pilot I0



Table C37
PILOT COxvi1MNTS FOR 2P, RAM£ LWMIT OF 157 DEGREES PER SECOND, DISCRETE TASK

Aircraft Configurd•,o: 2P (axe Limit: 157 degrees per Second Tracking Task: Discrete
PilotSorti(~s)Pilot I - "Pilot 2 - Not Flown-1 Pio3

Co _ tns4 Not lw 4
P-1G R ipgs 2 Not Flown j 2

_______ AIRCRAFF _ _______

initial R22P ~ h~ii v N/A ___Slow
Ste -_t Response Responive NA Slow

Predictable Ys _ N/A Yes
Grost Acquisitio -EN/A Easy

Pin TackngDesired N/A jDesired
PILOT INTM RACE

nyGoo d N!A Good
Stick Forces Low (at low-g) N/A Mediurm to high

Mdium. (at •creased g)
Coal pnstion Minimal N/A Moderate

Woxi0loa Minimal N/A Tolerable
Was there a PIG? No N/A No
Easily Induced? No No

Good i Chararistics E xcele afirrait, very N/A Non1e
re&~s ,felt great. I_____

Bad Catarctari-ticS Conol hw-nony grmadilent N/A Slow and isluggish
was noticeable at higher g transport type aircraft with
(his was the only reason 2 to 3 oscillations under g
for Cooper-Harper rating (minor but mimoyirg
of 4), the stick force deficiency).
gradient caused some
minor unwanted pitch
o... . scillations. J -_ .

Notes: I An "s" indicates test point ploted in Figure dR.
2. NiA - not applicable.
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Table C3S 6
SUM•ARY 2P, RkAT LIMT OF 10 D•XGREES PER SECOND, SUMoOF-SINES TASIK

A'n ontuaoP Rate Lastir 10 degrm pe 1ost am ckn Task': Sum-of-Sines
Coopcr1 axg'F gs~~ ~ ~ Ratings: 4 VIP* 

_

Owmll Evaluation Initial and Mseadystate response hi this aicmrft were descrbod by all pilots as slow. 'The
acraft lacked predictability and was very difficult to control. Gross acquisition was
difficult requhin& intense wodrload to remain in phase. The pilot had to back out of the
loop to reduce gains and allow the ahircaft to dampen out. Fine tracking could not be
accomplished. Stick harmony was poor, with medium to high control forces.
Compensation was considerable and workload hitoleWble. A PIO was eaily induced
early i the tak. Airraft control could only be maintained by backing out of the loop.
No divergent oscillations were seen. This aircmft was iced LUvel 3 rquiring
sraovement for msjor defeiencies.

Notes: 1. TheC or-der of ratinga Is Pilot I ~ iot ,2 I- pilot 3.
2. An "," indicates test point plotted in Figure C19.

Date Flown: 10-Apr-97 Rate Limit: 10 d&W,=c
Pilot: Pilot 3 Pressurm Altitude: 10,000 0t PA

SL ConfigurailOr.: .P Indimtotd Velocity: 250 KIAS

Long•ltui•-ad Tanjot TwiJrg Porfbmance

I I ]
S. . .. . . , -- -- --- - -. . . --.. . " - - -- ~ -- - - -- -- --.. . .- -.. ..- -.. .--.. . . -,. . .

2 ---- -I-

1 21 g 0 40 50 o 0 0 o 0 0 100 110 120

Wolvatvr tints LlmvitinM; 2R, 80S,10 dogluoc

Fig11re 0•9Rir•i ~gtT••• P .€L i f•Dg'• ~ * M u~-fi•Tk io

so
V 40

0 20 .

0-

FigureCl9 Representative Fliht Test Result 2P Rat Lmit at 1 Degrees far Second, Suer-of-SiresTask, Pilot, 3
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Table C39
PILOT COMMENTS FOR 2P, RATE LIMIT OF 10 DEGREES PER SECOND, SUM-OF-SINES TASK

Abrdscit~ohgrno 2PW -RamLimit: 10 deces per accond trwkng Taský Surasof Sines
Pilot - sordie C i Pilot!I -4 Pilor 2 -7 I Plot 3 -60

I-l Q sf 9 (Controlin ucsrio5ý) 8__ _ _ _

P10 IRatings 4 (increae ain to 44
maitain control) [_

0 mtil awAM•CRA!'T"
hifia1Rgo~ns ej _ Very slow lSow '- Slow

StaySat epns lwSlow Slow ___

h dcmable No No No
Grss A ditftion Difficult j DiffICult Difficult

Fine Tracking Adequate (using vear low Could not do N/A

PILOT INITERFACE

Conl~a~noy~ /AN/A _ _N/A_ _
Stick Formc' 1gb Mediumn Medium

~.S~~rrion If Considerable Considorabe Cosdrble
Workload I ntolerble Intolerable Tolerable +

Was there a P10? Yes | Yes Yea
Easily Induced? IYes Yes (Onttra'd eary in task) Yes

COMMENTS
Good Chaacteristics None None None
Bad Chamateriatics Extremely hemay stick. Extreme lag in initial Steady-stare response was

Terrible feeling aicraft. response 180 dgrees out very slow and
Conrol harmony problems of phase Pl0. Had to unrpredimtble. A lot of
drive lots of inadvertent reduce gain, back out of lead required to contain
roll inputs. Flyable but loop to dampen out, Not the amplitude of the
workload is so high that divergent, dampened with undesirable oscillations.
controllability is always in release of stick. Sluggish.
question, Require* stop to
sp pitch inputs ........

Notes: 1. An "*" indicats test point plotted in Figure C 19.
2. N/A - not applicable.

D

E)
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Table C40
SUMMARY 2P, l lTE LLMIT OF 20 DEOtES PER SECOiD, SUM-OF-Si•ONS TASK

Aircrft Cnfiguatio: 2PRate Lii it: 20 degres per second _IT'skig Task: Sumof-Sine 0%

Overall Evaluation Initial aircraft response was slow to responsive. Steady-state msponse was slow to
responsive with some lack of predictbility. Gross acquisition was ssessed by all pilot
as difficult due to large overshoots. The aircaft felt as if it ware getting out of phase.
Fine t•acking met adequate criteria, with perfornance increasing with decresing of
gains. Moderate to considerible comporsation was required to achieve adequmae criteria
with a tolerable workload. The suYmation of the pilot con•anents indicatea there was
some easily induced PIl during gross acquisition. The PIO appeared bounded making
desired tracking impossible. 'Ile aircraft was razed by one pilot as Level 3 and as Level 2
by the other evaluation pilots. Givent the noted PIe nd difficulty with grss acquisition,
the aircraft required improvement for major deficiency and should be considered Level

Notes:. Teoderof isP it3 3 An"" indcates test point plotted in Figure C20.
2. A "P' aepartes inulfipl(. ratings by lhe same pilot.

F Date Flowvi: 1 1-Apr-07 Rate Limit: 20 de"/MAc
Pilot: Pilot 1 Pressure Altitude: 10,000 ft PA

Confl•r-tmlown 2? Indloated Velocity: 250 KlAS• J

Longlftudtnst Targat TreWkinm Performance
a ~ ~ ------ ---- r ~ -

_ • ---- ,-,-- -- -,- -.-, . - - -- -. . . . . . . ..-. . . ..- -. . . .

2 ~t-1 f-

-------------- --------------- ---

4 -a-----------

0 10 0 30 40 so 80 go VS No 0 io0 11is 120
Thus (VOCU)

1001 - - ~ iEovetor Rat% Llrnlting 21P, 60% 2.0 deg/see

g o

40 3

In 24
o- 201 0 Is 13

00

Pitch Antt* iOwotor iRot

o ~~~Figura C20 itpeeraieFlight Test Result 2P, Rate Linmit of' 20 Degrees P~er Second, Sumn-of-Sines Task, Rilot I
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Tab C41
MOCT COI)M-tT FOP, 2?, IAAh LIMIT OF 20 DECREES PIER SECOND, SUI4.OFSfNBS TASK

Pilot - ?sorie(s) j Piloti' I *pilot 2 -2/5/? Pilot 3 -6
___ I8/5/8

MOPlO s 4 J514/5 -4

Ial _ _ Slow tast spousive/fesponsve Slow

Reesponseve
Steady-State espos . osive PeetVSlow.Resonpive Slow

piadiebible Yes to no No; difficult with fast onset/ No
No/No

Gross Acquisition Difficult (4-5 DifthcutWDifflculi/DiffMcu I Difficult
_______ ~Ooveroots) (largeaqiros

Fine Tracking Adequawt Bordering on adequate/Other Adequate
than adequato/Adequate

to loop)__f- ~c 1ýIl
PILOT INTERFACE

Control Harmony N/A Poor to good (too much N/A

Stick Forces Low to mnedium Medium(S) High side of medium.
Compensaton_ j Moderwe (adequate) Considerable(3) Hig side of -ode.rat

Workload Tolerable Toleiable(3 ) High side of tolerable
Was there a PIO? Yes (slight) No/No/No Yes
Easily Induced? Yes (for Gross No/NoNo Yes

Sj Acquisition) _ _ _

Good c aractistics File.NT IVA______€3od ,:am•,i~ic ?hxe O. oa/Na•$milacquisitions N/A

,-asyto do•.
Bad Characteristics Small PI tlendency Large overshoot with large I was in doubt betwnen 6

withi large amplitude target jump, feels on edge of and 7. i decided for 6

aggressive task. Overly wanting to diverge with gross because flying low gainssonsitivc. Drove acquisition, stopped Mait Miproved t.he ta~cking •

overshoots duzing opposite stick. Had to abandon quality (ve•y
initial captures. tack to recover jet. Did not objectionable but

diverge. If task had continued tolerable deficiencies).
with largerjump, this miay have Not predictable at all.
diverged/Small oscillations, Pretty good amplitude
about target. Poor oscillation. Bounded P-O
predictability. Difficult to observed. Good tracking
stabili=, Botucing back and is impossible.
forth across target, not
stabilizing. Tracked this 2 tims
to y and get feel for the
proble,. Bobbling about the
target. Difficult to stabilize on
tret. Geing out of phasc
with ight in-the-loop corntrcl.
Opý,n loop doam t= oatto • .

Notes: 1. A 'pieparatesmutit thesb me pilot.
2. An"nNdcg• t*tFN pltt~ed in Figuse C20,

3. N/A - not applicable.
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Table C42 W
SUMARY 2P, RATE LIMT OF 30 DEGREES PER SECON1D, SUM-OFo-SIY•ES TASK

COWp ria.3p-r Rins: 4~5j
OveMai Evalatem 'o nital aireraft reponse wo. slow. Seadrey-tate response was slow to responsive with

sonic lack of predictability. Gross acquisition was =me d by tll pilots as difficult due
to slow respons. Fine amcking adequate criteria was met, Stick forces were mudium.
Compensation was moderate with a tolerable pilot workload. No indicatioa of a PIO $
was noted. Overall, the ai&craft w&s slow to respond, but bobbled about the wat. A
snall undesired oscillation was induced about the 'uret during fine lacking. T1h
aifret was ratd as Level 2 due to adequawe criteria met and the nquirement for

Note•: 1. The order ofrarigs is Pilot I I Pilot 2 1 Pilot 3,

2. An "r"indicate.s test point plotted in Figure C21.

DOtW Flown: 10-Apr-47 Rate Limit: 30 degtsec
Pilot: Pilot 2 Pressure Altitude: 10,000 ft PA

Configureton: 2P Indicated Velocity: 250 KiAS

Lonitudinal Target Tra•odlng Perfornranco

0.--------------------------------------------------- ------ ------

V 2

I------------------------- --- -

0 10 20 30 40 s0 80 70 Wn so 100 1101 20

Elevator Rate Limitng; 2P, SOS, 38 deWoec

C 484z
20i

IM 1 &IC 8 1"40 200 -0 U445 LW;4 40-80 4&140 M255 5140 'Go

Figure C21 I epreaentativc Flight Test Result 2P, RAte Limit of 30 Deg&rees Petr Second, Sum-of-Sines Task, Pilot 2
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Table C43
iorT COIvfMEr4I"S FOR 2P, RATE LIiTf OF 30 DEGREES PER SECOND, SUM-OF-SakiES TASK

SAikcmft Confgsntia: 2F hfaeLiit: 30 de per secon - Ur kng Task: Sum-of-. fies
Pilot- Samies Pilat 19 Pilot 2 7IX Pilot 3 - 8

C or H rxr FOattj 4 3 3

AIRCRAFT
nitial R n" Sow Slow Slow

D ~ " 9" m i@(~ the task) Responsive IStow
Piedicsnbl yes Yeas (small, No

D l ifficuilt (lghil ) Esy to difficult Difficult

Constrol Htarrmy NIA N/A NIA
Stick Forcas j Medium Medium Medium

Comaplnion Minimal (for Fine Minimral to moderate Moderate to considerable
Trkijng)

Moderate (for Gros

Woitload Minimal (for Fine TolerAble Tolerable to intolerable
Tracking)

Tolerble (for Gr[ss

W ts ere a PIC? No No No
Emily Induced? No No No 0

Good Chtwcealsdics Nice, hae, inkw Steady-stat response OK. None
Bad Choacteristics Sluggish laitially, decreas, Some deficiency with Very slow initial and

in predictability du z to gross acquisition. Slow to steady-state response, for
slow rsponse. respond. Slightly sluggish. this reason Wross

Slow to initial response. acquisition required

compensation (input

shapinL), te ndiepi d

_____ I__________oscillation easily induced.

Notts: 1. An "" indicates test point plotted in Figtue C2I. P
2. N/A - not applicable.
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0
0

SUMMAY 2ft LITh LMTOI 40 DEpGRES P SC D, SUWOF-SNES TASK =

Oveaill Evaluatics watLI- itspais- was, Uasesd ws slow 1o reponsive. 0' erul ad-UtUWe repo=s waa

Tmespeus0.1The aircrat lacked COasplete prCdCictahhllsy due to some nose big following
an inutr G-s aqiition was ditficukt with toru overshoots during lag•e
nijusitios. Fin-e tacking, attaneadq*u&at pwfbrmimaee criteri Compensaton
rn.unied was wdxamte for a toleable workload. No PIO was seen0 though one pilot felt
a tendtncy to gtt into one if aggressive stick inpubt w=r- made There was dxffllcultt
smbrbalig cada theua~i due to mild oscilatOn. These could Ws eliminatd wan soua
pilot comin . Overll O a tiug for this ak.maf was Leývl 2 with adeqta

jPefekwommc Obatt4n ad c idenblepik coampensa imrquiMuL
Not: 1. ThcOTda of•ra-iari •2f-ril.

2. A "r m-pra~m multipl mgs by th mine AaVinie-sospispttsow'2

Langfttdlnal Tcmgot Tructtag Peffarrmase

--------- -- ---------0f7iA77-j KA
-2 -.----.---- --..r

----------- -- ------- --- - -- ---- -- --

v1tor RatM •em,•ig; 2P, SOS, 40 do o o
100

40~

II 20

14 SZ 202$ 4 25 04:&5 354U 40-4 443 554 5-04 w

FI~eCZ wResult 2P, Rame Lind of 40 Dtgmes Per Second, Sno-ScsTisk ?flat 3



Table C45
PUIOIT CO.MI FOR 21., IIt-17- LIMIT OF 40 DEGREES PER SECOG-N, UM-OF-tSINES TASK

ARraaf s mr eod iJ Trcking Tas: Su-ot-Sns I
vilot - sorfeO PIo 1-4 Pilot 2 -2/5t7 jat PI - ____

CCoopeiarpe Rlating S (close to 6) 17 (could Uot get 5
cordm lublit now in

i. W o Slow Res posive (3) Slow

RORwi_ Rxm 55acve (3) slow
delay W pitc h)

Glo - Acquisition D:iffic"Itt Fx.I/ERS tD daICUIV Diffcult f
FSOY (some overoot with

Fine Tholdang Adeqmat Difficult (not adequate due - Adequdat
to kts&AdaquaAdeqamM

to desire_
___________ PDLOT NTERVACE _ _____

Coaftol HmOnL NI/A fGood (3)jNA
Sfink Forces Medkiu (stiff stick) hIediun% (3) iidw

Modeite (for Ltrge

Worklo•d Tolerable ToI-lable

Wsth=era P101 Yes6 (tantieuy) NOtNoftlo No

COhMJWtEnTS ____

* God Cateritics Not Wa feeling Adequae Noneft*one/Norae Nn
___________ahieved. _________ ____

Bad Charnctriscs Heavy stick. Nose lags Difficult to stbilize on Have t say low gain to
desied input. Heavy stick. arget. OsciHaions about =ack. Two to trmc.
AV, Wssive, inu~xts lead to ta-get Mild oscillations, o-scillatons above the
Pro, not divegent. Attempted to ,get. The asircft

reduce gain to zero bi on appe•s to lag pilots

taigt. Small bobbling inipts. Slow overall

wirh Ovazgh fo s
acqmstsioinsý Cause

$in

Nots 0. A 3r 0eae mutil r g by th Ga piot



Trabie C"6
SUMMARY 2P, RATEE LIMIT7 OF 50 DEGREE PER SECOND. SUMvFOF-SlES, TASK

AMoatCot 2 ae Limit 30 '1,y~r Imo Snm41-3hs L)

O IM E'vahatties initil =nd 51ttt-seAM reSPOM wer Siom to tawponsive. The airraft was note m
Phredctblre by 2/3 Qynluatio apHOts. Grews cquiSitoR was }t tged &Ts may to difiCU14
with (me pilot aumaiumg desre fine trackin criteria Compenstio reuired Asz
moderte ftmig gross =cisiton. aind sfightly reduce-d dating fie sack4& me
indication of a 1410 was nowted The aircraf stbilized an the an~es end neked wihout
osd~iisos seem pireviously. The aircaft was descibed a. being rerinnj, mvAiting I n
somae ovmershoofa the baegct during gmwa aQK duusto. OverAllU a==mowe of thej
aircraft w&as Level 2 due to rue pmbimvs, asmcciad wit% hbos fine trwacing ndA groe-

2. An "'indicate test point pnd in F~igre C23.

Mrm ~ ~~ii Flourt U-Apitl7Rat mig0
No i m mIR* 0GSP

(AIfofm vV*m aot -0K
La4fs3- -ao mn wtmu

--M-V---- v------ ------r-----
-------------------

-- -o -- -- ----------------o- ---t ------ i- -

voly
-- - -- -- - - - -

04 - - -- --- - - - - - - - - - - - - - - - - - - - - - - --S S3- 1 - - - - - - - -- - - - - - - - - - - -

200

Figue C13 ligt Tet ýsaa 2P R~tLhrt o 50Dagrm Pnr ecod, tun-f~i Tak, 02

0 0 ~~~0 '0 0



Teakl C4?
PILOT COMIVEWTh FPO. 2F. RAMh LIIT W? 30 DEOREE PM SECOND, SUM4JF.SNES TASK

M?=*~~ ~ ~ ~ sacocd:WPa La 3 Tracking Talk; scm-of-Siries

Pilt -so*S)NM 1 4 k~a-2Aflt - 3

Flo________ Rrv_________ 2____ Slw

In___ _ __ __ __ __ __ __ _ I- "I__ _ __ __ _ __ _ We Slow_ __ __ __

OT'ea AoIletams DR-0ionl Difficult ......

Stick Fcce Mcdhm + 4e Moedim

M~bml To~nbe Tolerble (higI sit e)

Wnsucr aIO.wr No jNo NOa

Goo C'h=IvC-rbLICS Godz- thin mrck StabiLzed and trackcd None
irget wvithdoutaid
"oCillezin seen"

Bad Chesaaistic Gnns acqtuishion - Still coransta a bit Slow eaiNlf response.
adaqatt only- "Sprigy for w~airp w Dat rs Tind& w overs.hoo. Got -

thi led to sosasumt onS acquisition and tine desired by woatload too
osoamne dlaWee trackn. Not ablecto ge higb to givenaCHN4
ovesihocat dwtibp ini&a desired PerOTmunce.

Notes; 1. An"" indicaes eat point plottd in Pigum C-73.
2, N/A - not appliable.



Table C48
SUMMARY 2P, RATE LIMIT OF 157 DEGREES PER SECOND, SUMtOF-SlNES TASK

An-cnril Configuration: 2P j Rae uat: 157 degrees per senond 2 rckhng Task: Sum-ot-Smes
Cooper-Harper Ratins $5 ______ PIGRtns3jj
Overall Evaluation 1nitihial response was described as slow, with steady-sMte response slow to responsive.

SThe aircraft was somewhat predictable, decreasing during the gross acquisition phase,
making gross acquisitiou difficult. The frne tracking met adequate criteria due to a slow
response and some small oscillation5 about the target Compensation required was
moderate with a tolerable workload. No tendency to PIO was noted durng the tvacking 0
task, though some undesired oscillations were seen about the tazget during high gain
tracking. Overtall, the airerfi was slow mnd sluggish to respond with a heavy stick feel.
The aircraft was ruted as Level 2 due to the adequate peiformance and objectionable
oscillations.

Notes: 1. The order of ating is Pilot I 'jPlot 2 j Pilot 3. 3. A "-" Indicates no rating was given.
2. An " h" indicates test point plotted in Figure C24.

Data Flown: 22-Apr.87 Nate Limit: 157 dagisoe
Pilot: Pilot 1 Presaure Altitude: 10,000 ftPA

Configuration: 2P Indicated Velocity: 250 KIAS

Lofi~uluinal Targt Tracking Periormance

- , . . .'. . .: . . , . . . r . . . • -:. . . - . . . . . . . . . . . . . . . . . .. .

0 10 20 50 40 50 50 70 00 SO 10 1• I10 120

I 8Figure 024 • ,•at, ]h T .-•eult 2?, Rate Limit of 157 Degrees Per Second, Surn-uf-Sina Task, I hot
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Table C49
PILOT COMMENTS FOR 2P, RATE LIMIT OF 157 DEGREES PER SECOND, SUMoOF.SiNES TASK

Om d___ eL____ _57degI p~r seond Tracking Tas: Sum-of-Sine
Pilot- sortie(sj Pilott1I - 1' Pilot 2 -Not Flow Pilot 3- 8

Cooper-Harper Rathigs s N~4 ot h? flomm____ Y
PlORaing j3 j Not Flown J

AIRCRAFT
lnnitial Respnse_ Slow N/A Slow

Stoady-State Resonse Resnonsive N/A WSlow
PRedictable Ym (f, a littleleess for N/A No

Gross Acquisition but
okay.) __________

Gross. Acquisition Difficut• (adequate; sIuggih N/A Difficult (especially at

pitch respons with low high pilot gains)

Fine 'racking Adequate N/A Adequate

PILOT INTER'. ACE
Control Harmony N/1A N/A N/A

Stick Fores jMdium N/A Medium to hIgh "I .
Compensation Mderateitoughout) N/A Moderate

Workload Tolerable N/A Tolerable
Was there a P1O? No N/A No
Easily Induced? j No ] No

COMMENTS
Good Chaanctnriaticz- N/A N/A None.
Bad Characteristics A bit slow response with N/A Small long period

slightly heavy stick oscillations about the
Sluggiqh, und•mped short target (2 to 3), vey slow
period, and sluggish, undesired

oscillations at high pilot
N . . .._. _-- .. . .. .. . . . _ .. . .... . ..t ... . ... . gains emasily induced.
Notes: 1. An °6*" indicates test point plotted in• Figmrc C24.

2. N/A - not applicable.
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Table CS0
W SUMMARY 2DU, RATE LIMIT OF 20 DEGREES PER SECOND, DISCRETE TASK

AinrcAf Configuration: 2DU JAte Limit: 20 degrees pnr seon Trýacking Task;ý Discrmte

Overall Evaluation 'The aircraft pitch response was extremely sensitive. to pilot gains aid over-allF uncontrollable. Even if the pitch re.ponse was responsive to fast, the pilot was able to
track the target with moderate compensation and tolerable workload within the adequate
perforanace criteria as long as his inputs were smooth and controlled. On more
aggrssive or larger COrTrCtions the aircraft was ovr-responsive and unpr dioa•ble and

Set of diver ent 00 ocillations was unavoidable.
Noes I Te rdr f a igsi Pilot 1 io 2Plt.
2. An "'"indicatms te&l point plo'ted in Figur 0 25.

Date Flowm: I 1-Apr-97 Rate Limit: 20 doegyae
Pilot: Pilot I PrNomur Altitude: 10,000 ft PA

Con9igumtlon: 2DU Indicated Velocity: 2.50 WIAS

Lonituina Target Tracking Padmormancc-- -€ --.- --- - -r- • -.. . - I" - -. . . - " "- - . . . . -. . .. -. . . . . . .--. . .- I

-- - ---. ... .---- --- -- - --- ---

S . .. . . . . .. . .. . .... . . . . . . . . . . . . . . . . . . . . . . . . .-

"• ~ ~ ~ ~ ~ ~ --- - - - - -T .... .. . . . . . .. . .;. . . .. . . . . . .. .. ....... ;..... '. .. . - - - -I .....
T~ --- --- --- -- --

0 10 20 s0 40 80 00 70 s0 Q0 I M 110 120

r-~-.PýeTWVMek -

levator RaWt Umiting; 2DU, DIS, 20 cegafee
lee..

X 0 6 so

0•

0 fo o 0 a 0 0

411 -10 ¶-¶10 -G amI a&m =S38 24C 4545454 05 GS~

Figure 025 Mepresentative Flight Test Re9t 2DU, Rate Limit of 20 Degrees Per Second, Discrete Task, ilot I
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Table C5I
PILOT COMMENTS FOR 2DU, RATE LIMIT OF 20 DEGREES PER SECOND, DISCRETE TASK

Rate 20ere irscn ~Trachin Task: Dsrt
Pilot Sortie(s) Y Pilot1~ j P ilot 2' 5 pilost j

Coopcr-larpr Anings 10 f 10 10 ____

P1O titngs5 6[ 6 5________

Lta epolise RwsoamuivC- Fas.t j-Fast Responive
_______ Responsive Fast Responsive

Yes (at low NeNo
gain/amplitude)

Gross Acquisition No ffi(a t D#tn ifficult E&"sy (for small inputs)
______ ________ _______ ______Difficult (for largesp)

Fine Tracking j Adequate Adequate (while fine Adequate

PILOT INT'ERFACE ___ ___

CoiintoHa ony GooC Poor Good
Stick Forces Low[ edium ____Mdu

Cornperlaadon Moderate + (mt high gain Moderate 4Mod.-rate

Workload Tolerable (low gain) Intolerable Tolerablej In toIearmab le, (at h ig

Wasy,- threaPIsk Yes

Easily indluced? jYes Yes No

Good Charceistis Not brad at low-g ead small Tracked with low gauin. None
amplitude. Any aggressive input

___ I ~~diverged. ____

Bad Characeristics over-resposIve.7 Divergent with initial inl Conthnuous bobble over-
Unflyable for large the, loop. Ugly. Easily the target. Small, low gain
amplittude task. I stared induced with gross control inputs do rnotjgettng used to thg F, acquisition. exposc the oscillations.

Notes: 1 An "~"indicates test point plotted in Figure 025,



Table C52
SUMMAY 2D, RATE LLMIT OP 30 DEGREES PER SECOND. DISCRETE TASK

Aircraft Coanfgureon. 2LI raft iit~ ere prson h~~~kD~
IO ~ ~ ~ 11 rRat'eS

OveWall Evaluation Tihe Initial pitch response as well atu the Steadystate mrponse were responsive. The
s•eady-a•te response was unpredictable so that th gross acquisition of the trgot was
difficult with two to the overshoots. The; amplitude and frequency ot' those oscillations
were surpri-ing to 1If pilot that was forced to raise workload md thde level of

(2 compensadon required to ira k the target. Notwihanding the considerable pilot effort
the Wgtagt could not be tmcked within the adequate criteda. On a single occurreace a
large abnpit Input needed to aggressively captur the target led to divergent oscillations.
The configmuation was thimfore mted as uacontrallable. The avaluation pilot pointed
out that with a lass dasading tak or at a lowmr pilot gain this lut handliAg qulity
df'ionmr, cy would havo be undected,

Not, 1. The order of ratings is Pilot I P P A .. a n n

2. An "4 " •idicates te"t point plotted in Figumr •26.

r- a WFlown:2-T 3AprWRt Litalt 30icwa
@ Pilot: Pilo' 3 Pmairs ANtim, 10,A)ft PA •

Configuration'. 2DU Indicated Velocity: 250 KWAS

Lon0itudimi Tarjet Tr....in, arrniae

• - --.- -, d- - -- • ,- - :. . . --, ------ -- ------ I ................
S. - ---- ---- ---- --------------------------------------

2 - --- - .- ----- -----

I I----- :m w.h------ .2---- - ---------

0 10 20 30 40 so (SO 70 a0 to IGO 110 120
Time (sees) Athee

o tt~flavater Mab uMniung; 2DU, BhB, S0 d@Qieec

Sos

1M 2"3 M4 45 4M $-51 d

Fiu 2 lgh etAsf 2D0JXUsteimtofL0DegreIi Per Second, Discete Task, Fiot 3
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Table C53
PILOT COMMENTS FOR 2DU, RATE LIMIT OF 30 DEGREES PER SECOND, DISCRETE TASK

pilot ., Selic~s) Pilat lo9 pllot 2 -Not Flown. Pilot 3 - 81191 'Njot Mown 10
P: ; Ratings 5 Not rlort 9 5

ARCRA ri_
ti Reespo se RsponsiFt N/A Responsive

Psed c�t�aeNo N/A No• _cz•isfinDifficult N/A Diffica
Fh-Jfkin Dee NIA, N/A

PILOT INTELFAC.
Cant all-larmory Goad N/ Good ___

Stick Forces Low to medlium N/A medium
Componsation (,ini) (for Fire N/A Modermt to considerable

Tr.Acking) to considerable (duting oscillations)
(for Cross eaistin)

SWorkload Mtiiial (for Fine N/A Tolerable to intolerable
Tmrking) to hitolerable

i (for Gross Acquisition)
- Was there a PIO? Yes N/A Yes

Easily Induced? Yes No
COMMENTS

Good Chamcteristic5 Tigjt fteling in fine N/A ood, quick initial
tracking. response (HQ deficiency

________________ ________were. razkod).
Bad Chaact-eristics Got quickly out of phase N/A Unpredictable steadytstat

dusIng even low gain large response (2 to 3)
amplitude maeuverm, oscillatiors, on a big pull -

Notes: 1. An "*" indicates test point plotted in Figure C26. dlverant oscllations.

2, N/A - not applicable,
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Table C54

SUO R• ¥ 2DU, RATE LVMJ OP 40 DORE• S EPR SECOND, DISCRZEi" v TASK

e Aircra'. ft 2om;urtin AD te Limit: 40 degres pa eod T -- Di T scre

rowcenl 10Pl ARO Rtigsl~g.: iŽ AC*115

11 v~zdn atrdd ifila picresponse appeard to be fast, While the steady-staersos
was generally considered adequate to accomplish the task. The aircraft could track well
at low pilot gin and steady conditions within the desired pnor-forance criteria with
mod-eate compensation and tolerable workload. However, during aggressive pulls or
abrapt captures the anircaft response appeared to lag the pilot input and divgent
oscillatioas started. Pilots liked the line trackinrg characteristics of th, aircraft at low
gain, bat the gross acquisition espon•se to afggrAeive inputs vwas clearly objoedonable,
tlereforo an overall uncoaltrllable rating was given.

Notes: 1. Thej order of' rthing is Pilot I Jio21jPlt3
2, An "s" indicates test ponit plotted in Figure C27,

Date Flown: 14-Apr-97 Rate Limit: 40 d.g/eec
Pilot: Pilot 2 Prommess Altitude: 10,000 ft PA

Configumtion: 2DU Inditcted Vc•oity: L.W KIWAS

Lofiggijdhnml Tenjeat Traching Pedonniance

----- ------ -- -- - -. .

' , .-I -

Moewvau Rast- UfLtilng, 20U, USt, 40 doW31gee•

--- .- ijr-----------

S7Qo 10 20-• _0 iW - 70 4a - 4 140 1 1 •20

F •igure C-27 '.'.3t~pt Flighit Tes •.u a Rat Rate Limt of4 Degres Per Second, DiscateI Ta40, dow 2
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Table C55
PILOT COMMENTS FOR 2DU, RATE LIMIT OF 40 DEG ES PE R SECOND, DXSCRETE TASK §

Faiine rakin: DDsauxmit: 40 d TrAcking Task: Discrete
Pilot - Sortie(s) Pilot I1 4 pio *Pilot 3 - 3

1 Oa ProNPblem tlo 1( F l emuto
______________ gawnampi wtwo____________________

PIO REtjigOsT_ ____ 5T 5

Control Halmony ood Poor~ aoo

I RO y pFast Respo
CRssidFt• Responsiv)

GrossAcquisitsiio DifficultD
Desireracd Dlesired (During loaded Desired

trucking OK. Problem
___________________ j ________________ j hidden,) ___________

PILOT NEMRFACE _ _______

control onty._ Good Poor __ fGood
Stick Forces Low to Medium (Good Low to Medium (Feels Medium

Feelig) touchy in gross
_i________ acquisition) ___

Comapensation -- Minimal (Fine) Co~wsiderable Moderate (High side)
Considerable (Gros)i tg

Workload ~~Minimnal (Fixne) Tolerable(Wietakn) TlrbeFigsd)
Intolerable (Gross) IIntolerable (During gross

Was there a plO? Yes Yes Yes
Easily Indue• ? Yes (Large amplitude, Yes (For gross acquisition) No

_COMMENTS

Good Charactexistics Fine track excellent. Tracks well during loaded Tracking is good under
Flyable lowv gain. turns. Small corrections steady conditions.

- f ~and smiall oscillations back- -

to tracking. _

Bad Characteristics Gross acquisiton at high Gross acquisition -large Jerky initial response.
gain seemed to lag, Led to jump + or -results in Abrupt captures start a
divergen.t P1G. divergent PlO. Flight pubs divergent P1O.

airborne momentarily -g
variable stability system

Note: An indicates test point plotted in Figure C27.
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Table, C56
SUMMARY 2DU, RATE LIMIT OF 50 DEGREES PER SECOND, DISCRE',11 TASK

Ainraft Coatigwadon: 21)0 J RaleLmte 5!qýj rDsrt

0VL0 eRall E h on Te initidal iffPtession Was Of& vey good, solid, fWne tracking airplane wil zlighily
jerky initial pitch response. However Evss acquisition following big taget .Atv cauned
prvonouncd overshoots and in two out, of four evaluations a divergent P1O. Ia o•e
evaluation a large amplitude aggressive input caused a non-divergent P10. In genftal
this handling qualk, deficiency was not immediately apparent to the evaluation pilots
that at frt, had the impression to be flying a vM• good arcraft until a larger or more

____________ - aggrssive iupq yvrs re, -ired,

Notts: 1. The order of rnip sPltI~Plti io . 3 n"' niae e'pint plotted In Figu C29'.
2. A "/ seats multiple ratp by the same pilot.

Dato Flown: 14--Apr-97 Nate Limit: 50 dogsec
Pilot: Pilot 3 Prsur Altitude: 10,000 ft PA

Configurton: 2DU Indicatev Volocity: 250 KIAS

- -i - - -- - ------ ---------- -

2 - - --

. r - . . -. , .. . - -,.L

*0- -- ------------------------- - - - -

0 10 20 30 40 50i 130 70 Go 90 100 110 120
I"hm (get)

Elevator ttnta Limilang; 2 131US, MO deglsee

go

'aa

2 2

Fig-re C22 Rep-esnwr Flight Test Reult 2DU, Rza* Limit of 30 DegnSs Per Second, Discrete Task, Pilot 3

300
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Table C57
PfiOT COMIENTS FOR 2DU, LRTt LIMT OF 50 DEGREES PER SECOND, DISCRET TASK

Ab___ Cta4e Limnit: SOti0 rs par second TrnciA; Task: lihcrcne
PiiOt -Sort-ig sF Pilot I 1 4 Piio2-2 Pilot 3 -36

G Kpawm u jrRaigs 5/9 _1010_ __

plonzeatins '14 (dune to one sinai portion 5 (discussion; go With 5,5
__________ j of the ta-sk)/4 j divergeSnt tendency)

______________ ______ RCR&fl____
laitia Rnsole R sponsiv ast (sVring,) past Responsive

Steay-SateResons Reponiverespnsie Rsposiv___Responsive
Pladirrtablo Yesfyes (Fine) Yes (small ,orm-ctiom) No

No (Groas Acquisition; No (Gros Acquisiton)

Gross Acquisition Easy to difficul (da to Dim.icult (too Much Eay (for smaln steps)
overshoot on agsgressive divergent tendency) Difficult (for large steps)

Fine_ Trc_ ng Des••d/Des•• d Desired (smali oscillation Adequate

PieTrcing p ~ ~
PILOT iNTERFACE

Con-6 ol irmlony Excellent (wit incresing Poor to god Good D

Stick Frcmes Low (with ircresing Medium Medium

Compmsation Minimal (Ftrl) Minimal to modemrt (Fine Modeate +

Compnsaton (Grssto Ui n tm Tracking)
Moh (Fine)
maomzrte (Gross)

Workload Minima (Pine) intoierable (Gross Tolerable
Tolible, (Gross)! Acquisition)

Minimal (fle)
Tolerble (Gross)

Was therm a PIO? Yes (very linle)/Yes Yes Yes
Easily Indovoi? No/Yes Yes (with Gross No (only big pull excited

_______________ __________ Acquis~ito) it)

______C CO1"t~ENTS
Good Chracterisics Excellent fine track. Solid Fine taking desired Fine amking goo.d if

free truack ut high-g. Perf0orance With minimal wg¢t stable.

Tripped v'aiable stability compinsation. Tracks ream
system during agressive nice.
solid/Pine tacking

____________ Utsadng.
Mad Chamceritsncs Initial captures one to two Bad airplane very well Sensitive, jerky initial

ovorshoots, Small P-lO masked. Gross acquisition response. Prnounmced
with very aagxssive input follo;wingjump overshoots. Divergnt P10
to very close uaftisfa cry, Two when abrupt tight control
control/Spriny. Lightly diveret oscillaions. ini'atad. Well emasked bad
davipedL Large anpipti de SatNy ilb. dumped. configumdraton
egZgressiva input leads to

jl ondivergant PRt). j
Notes: I. A "'/T' sPamn.s multiple ratingvs by the suae pilot.

2. An'" indicat •s .. point plotted in Figure C28.
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TSWUA C58
SUhAARY 2fU, RA7Th', L•rAT OF 60 DEGREES PER SECOND, DISCRETE TASK

Ahcinft Configmrtion: 2DU IRate Limit 60 degt03e We secezul Trki' s:icrt _

GeniI Evaluwoic 'The initial impression was of a vary good airciaft with a quick, even if slighttly jeidcy,
hiftial pith eponse. Fine tracking quali, was gent•lly good with no undesirble

otons and allowed to achiove desired performanice in all the evalawons. However
durxig aggmssive, large ampliftude, g&os acquisition maueuvering, the airplane wound-
up and diverged in pitch i• two occasions out of five evaluailons. Other objectionable
chucteristics were an annoying small pitch bobble around the target during gross
acquisition end the tandency to grossly ovrshot the ta•get during reversalS. Overall tle
config•ation had a eiiff•rlyp handling quality defiviency vpry well maskaed dring the

Notes- 1. The order of rat-ings is Pi lot I Pilot 21 io . 3 n""idctsts on ltdi iue09
2. A "P s•p•aWs multple ratins by the same pilot.

Date Flown: 22-Apr-07 rate Limit: 60 deglseo
I Pilto: Pilot 3 Prm-sure Affi~o: 10,&0MMMP

Configuration: 20U Indicted Vt ocity: 250 KIAS

LonildialTarget Trck~nU Performance

0 -------------- ~--=---.-==~-'-~-----=---'-----9-----.------=---

.4 L -- -. 4 4 --+- ----------------_-;
- -4----------------- ------------------------------

0 10 20 30 40 50 00 70 g0o 100 110 120

elvtarb Rate LlmIng; 2•U, 13S, al deglnee

&I 104 15M 2a B4 uu U 0554 U

FigVs C29 Rcpresentaive Flight Test asult 2DU, Rate Limit of 60 Deees Peor Scond, Discrete Task, Pilot 3
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Tabli C39
PILOT CO,,0 NTS FOR 2DU, RATE .AfIT OF 60 DEGEES PER SHCOI{, DISCRETE TASK

Aicaf onuaio ,! ate iit6 grspr .a rcknThcDiscrete
Pilot - ortie(s) Pilot I1 4 Pit 2 -5nl M___iot 3 - &V3I

CooerHarer4/3 10/10

PTO~aig 4 [-3/2 5__________

Inital Response Reponssiev Responsive (jerky; well

predictable Yes (usally) {Ye-s/Yes Yes (up to the poinyt where it__No (high gui, high Well% Unsble)/eS

Gross Acquisition EUsy (uMraly) Easy and difficult E2sy (up to the point where t
Difficult (high gain (I To 2 ovefrshooe on gWoss went Untable)asy"J•rnmnatou) ... .quistiouf3as- ____

Flu Tracking Adequae Desir eýd s-ired Desired (up to the point where
it wern unstable)/Desfred

MrPT MNERFACQ
Control Halrony NA j ood/Good Good/Good

Stick Forces Medium (stiff stick) j Medium"'Medium MediunlMediums
Compensation Moderate Minimal (Fine Tracking) Moderateftodemre

Moderae (Gross

Workload Tolerable Toledblc/tM"tinial Tolerable__ olerable
Was therle a PIO? Yes (teridency) No/No Yes/Yes
Easily hIduced? No No/No No/No

_____ ___________COWDWENTS _______

Good Characteristics Not bd fealing, Trucks OK under g/Iihtial Initial irprwssion is of a good
adequat achievable. gross acquisition is good, aircraft quick and prediictable,

responsive, trAcks well under but on the Jerky side/rfacking
g. quality appeared to be good

initially with no undesirble
motions.

Bad ChUaracteistics Heavy stick, nose lags Sensitive to touch, variable It diverged durig a big pull in
desired imput, stability systcm disengage a quick and srprising way;
aggressive inputs lead under aerodynamic buffet clifittype handling quality

to P10. feals lik1e lmiied contol t dtfikiency/Durzing the last big
ceap•ue high acquisition, some pull of tae task the aircraft
mmoying deficiencies with wound up, encountered
desired perforace/Small aerodnwymdc buffet and
pitch bobblo abýout Sge. widt depated in pitch. Ciliff-type P,
gross acquLfion, excessive handling quality deficiency.
nos.np during revwrsal, doss Wry well masked durhnig the
not umload easily- sptll get entir task.
pitchizp, Compromise h

Notes: I. A "P sepaats multiple ra•tings by the swine pilot.
2. An .... indicate tes point plotted iin Figure C29.
3. NIA noa appilcable.
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T&ble C6&
SUMMAWN 2DU, RATE LM1iT OF 157 DEGREES PEU. SECOND, DISCREM TASK

jJOverall Ovaluation The ahplanes intial pitch responae %as vacy quick &ad AliRMY faser tMIt the steady-stste
mzporwc.ý It w=s described =s "Springy" Wd "nervous" by one" of the evawa ion pilots.
Oroe acquisidion was overail enay but for aggresive inpuis quick but •pidly damped
mtall wnplitnde osciltatin were noted. Fine assoking was witd-n de•ired performniace
criter wiit toleTrbac workload and moderaw compenwion. Dming puls under higher g
two annoying pitch rate osciltons war• noted while ox•= wzquiring the target. The
avroma handling qualities wn, aswsd Level I in one evaduation, and Level 2 in the
rman•aing two mainly bmcause tho jerkineos of the initial pitch -spotnc ond tte pitch kw,
oscillA.tions under kjxnt were aMesda minor, but. amnnoylny deficiencies.

Notes: I. heorderof ingxsisPil But Pi Pilot 3. 3. An "*-'i ingit ptplou cdinFig C30.
2. A "rsapaaters u~pleifogs by 1he m pflo 4, "2'7allm fic o lraftWWg, Svc.

Dat FRmn: 22,-Apr-07 Rate Unmit: 157 deglswc,

Pilot: Pilot 3 Pssure Al•itude: 10,00 ft PA
Configurmdon: 2D01 Indiuad ViocuW,: 250 KWAS U

Lonigtudinai Yarget Tracking Pufotnmanct

a? -- - - - - -- - - - - ------ -- -- *------ =-

. "

0 0 20 so 40 s Go 70 0 N 100 110 0
Tima (acca)

-... MW Tral

Elevator INRaw UrnIdng; 20U, 01s, Wh dnikNg/s.
100 rO

80-

42

202 2 9

Figure C3O Repre'smnttive FlighT Ifet Iesuiit 200j, Kate Lrimi of 157 Degrees ter Second, Di-schote Task, Melt 3
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Table C6l
PILOT CObei1T FOR 2DU, RA.h LUMT OF 157 DE GRES 'PER SECOMNID, DISCRETE TASK

ateedi e Uhi 157 cod Tacki Tak: Discrete
Milot Soztie'(s) __fPilot H ot Flw -____ 7 Plot 3 - 6/'$Q

Notuni FIT*U 2

Not FlFowN 2_i___ Lo_!___i __

Coipuen N/A IVic as (oerkespdntv
eo nse NIA j Resnsivte ResponsTvo•/bpol o S

Predictable N/A Yes yes (Out no We
tended to osclladNN fYcs

(under moderate 8g

Stic Fores W_______ ~ mitloadhigs)1

O CaL ,'igs N/A w Easy Esy/E, sasy

i/i 4soi rdfesided
_____ZO _____I RhFAtGE

Copenatr o n ff o/ N/A Good 1God/Good
Corapmuidon___ NIA__ __________ Modernxtcflodelrate

Waddod I N/A Minimal Tolcsblerfoles ble
Was tharena Plo? jrN/A No o No/No
DEasly induced? __________ - No INo/No

_______ ______COMMENTS _______

Good Characterscs /A Flew fairly well, s fpctory Good fine tracking but I

without improvoinent. wasn't confident in giving
s/Good tracking under

trodeamt&g (bellow 2 g

Bad Characteristics N/A One to two overshoot initial Two oscillaions for
cquisition, small bobbling aggressive trackying,

about tanjet under Iow-g, oscillations were quick and
Inge bobble with laAge su";:ised tipe pilot, they
acquisition, stopped short on damped out quickly but

configuration/At higher g 4
Vausof two nannoying

N/Ano appitchLP ~ rate oclain
(mainor but annoying

___________defciecy).

Notes: 1. A '7' separates multiple ratings by the sane pilot.

2 N/As" inoticatiestest.t

. rI•
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Table C62
SUMDMARY 2DU, RATE LfMIT OF 20 DEGIEES PER SECOND, SL'M-OF-SINES TA§K

-... 0 . . ; -. . . -" - . . . .. . . . . .
j"' Aircraft Configraion: 20U Rato Limit: 20 degre .s per second JTrack-ing Task: Surn-ofZSines

Cooer Ratings 1011421* - - U1 PIanas i
F eratll Evaluation This airplane was characutrized by a fa'st, initial, and steady-arate pitch rospomes. The

* aircrft was consistently rated uncontrollable due to the fact that just entering the
control loop with no•al inputs caused divergent oscillations. Releasing or fraczhig the
cot•rol stick did not stop the oscillations. The configuration wa ly tmflyalo

Notes: 1. The order of ratings is Pilot I Pilot 2 1 Pilot 3.
2. An inndicates test ,oint ploted in Fig= C3a1.

*sto Fimm: I &Apr-97 Rate Limit: 20 dIPilot: Pilot 3 Prossure Altittude: 10,0WO ftPA |

Configuration: 20U Indicated Veolcity: 260 KIAS'

- ~2

0 --------- ---- -----.; •,•

~~~~~- - - - - --------- -- ---------..\ .• . . . . . . . . . . . . . . .

- - - - - - - - - : - - - I

I - J

0 10 20 0 o 0 s0 60 70 o0 20 100 110 120

Elrdvatm RsW Limnitig; 2DU, $0S, 20 degltac
100

so

44

2 . .0 %1 s2 0 A 2&. rI Wý 40115 0U 0" 0a

I I " -PI• o • o

Figure C31 Ropassntniv Flight Tes slt DU, Rate Limit of 2 Begees Per Seeod, Surn-of-Sines Task, Pilot 3
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Table C63
PILOT COMIVENTh FOR 2DU, RATE LIMIT OF 20 DEGREES PTSR SECOND, SUMKOV-SINES TASK

Aircraft Configuration: Rate I L11ilmir20 degesper second Taking Task: Surn-of-Smnes
Pilot- Sortie(s) Pilot I -= _ Pilot 2=- 2 Pilot 3 - 6*

Coonr-Nrpe RatngsIt)ii)10

AIO Ratings 6 CRA

minal Response F__asi7 _'t ]} Responsive
Steady-SeRse Fast Fastf Slow

Predictable No No _No
Gross Acquisition ImLsibl j Unsatisfactory Difficult

Fine TickIIg Adequate j N/A
_____ _____ P~ILOT •NTEfA1CE _ _ _ _ _-

Contlrol Hamony N/A Poor _ _ N/A
Stick Forcms Low Medium Mdiunm

SConij•nsaton Considerable Considerable Considenrble
Workload Intolerable Intolmeble Intolerable

Was ther a PIO? Yes Yes Yes
Easily Tsid- ed? Yes Yes Yes

COMMENTS
God Chsmictdries None None None

Bad Chactedstic~s Unable to complete task, Divergent, dunpcd by Worst configuamtionso ftw,
any input drove PIO, safety pilot, bad airplane as soon as I entered the
openiag control loop dos hidden during small control loop I got
not solve problem, correction niuking, large divegnmt Fl•, completely D
uxflyable. jumps lead to divergence, unflya•b,

could not stop by freezing
____________ _____ -or release.

Notes: I. An "," indicates test point plotted in Figure C3l.
2. N/A - not applicable.
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Table C64.
_ SUW4RY 2DURATE Li~fiT OF 30 DGESPER SECOND, SU7M2F-MSIES TASK -

Cooper~~~M v RaisSji9Cfl 0Ra½tg:42 •LW
Overall Evaluation I This airiCrat configuration appeared initially good to perform the task- wit slighlflt

initial but responsive steady-stae response. Predictability and ease of control were not
questionable with imoderately aggressive pilot inputs-. in fact two out of rive evaluations
assessed the aircraft as a solid, comfortable platform to fly with miniimal compensation
and tolerable workload. However; when the aircraft was flown very aggressiveldy
undesired motionis and in one evaluation a P1O were aterted. The Pl0 c~ould his stopped
by releasing the controls. Overall the configuration handling qualities were evaluated
Level I and Level 3 by one evaluation piloit, Level I by ainoher pilot and -level 3 twice
by the third e-valuation pilot This amiple variation in the rathing could ha attibuted to a
cliff-type handling q iality deficiency that was highligbt-d only when the task reaquied

-- largeamM litede and very W- sie j~conmedons'

Notes', 1. The order of ratings is pilot 1 jPilot 2 0~o . 3. An "1*" indicates test point plotted in Figure C32,
2. A "1" separates multiple ratings by the same pilot.

Diate Flown: 24 Ap-9/ Hate Lnimit: 30 dog/soo L
Pilot: Pilot 3 Proasure Altitude: 10,000 ftPA

ConfI urstion: 2DU In___ dicated Velocity: 250 KIAS

Lrs~ludial afs~t~r~dn9Pwilonntanae

4 4.- - --- - - - - - -- - - - - - - - - -I - - - - - - - - - I- - -

2- -

20 201? 0 e o Go 0 0 1 2

J~... I~k 12 n n A laa

Mob Ani s Eb'owtcr Maou

Figur C32 RetpresenatvWe Flight Test -Result 2DU, Flats Limrit of 30 Degrees, Per Second, Sumn-of-Sines Tak, Piot 3
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Table C65
N~LGT COMMEL %WTZ FOR=21, RAT UIATOF 30 DEGREES PER SECOND, SUM.IOF-SraES TASKC

Aircraft COLL iln: AD RateLimit: 30dep fts lee Second a Tracking Task: Surn-of-Sinos
piloPotie S011 Pilot Il-9/9 Pilot 2 -5 pio o3 / - 11

Ccpe~Ia'e T~insJ/ 2 918

- - ~AMCRAFF ___

inital Ygvtespontsive Responsive epni/cniv
Responej Re~pnsivessposive

Predictable Yes (Fine) Yes - ~ No/No
Gross ~No (Iarge aniplitudeVAIeS

Grs Desired/Non ratin cAultedel _____

Fine Tracking 'o-aigdqteto arsrd j Adequte/No rating

Conyol HrmonyL N/Am/A IGoodl N/A/N/A
Stick Forces, Low/Low Mediuxm ___mediaUsNM ilum

Compensation Minimal (F ine) to Minimal Considerable/Moderate
considerable (Gross

to modeate, (Gross
__________________________Acquisition) _________

Workload Mlianial (Fine) to Minimnal Intolerablettolerable (high
intolerable (Gross side)

Acquisition)/Mvinimpai (Fine)
_________ _______ to toleirable (Gross) _________________b

Wa-1S therea a PIt)? Yes/-No No 1 ThN a
Esly Induced? Yes (w~ithl routine gain}/NO No No (stopped by releasing j

the conitrolu.)/No (undesired
________ _________________oscillations'

Good Characteristrics- Fine Tracking OK/Goo No oscillations ab'out Initially good' mainding.
fine wack. Pretty good -the target, Good steady Catches the pilot by
airplane. tracking.. No tendency surprise when it eventually

to bobble with degrees rades/Nona.
aggressive in the loop.

_______ ___________ Nice airplane.
Bad Characteristics Overly fast initial -epneN/A Clitfftype degrees rotation

led to large overshoots. Easy of handling quality with,
to get Out of Phase. high gain input&./Pitch
Controllability was in oscillations are quick, and
question.13lightly Compromised task
oversetsitive. Drove some pellfoniance to the point
small Overshoots, where adequate

performan ce, could not be
achieved and control might
have beean lost at high pilot

LNotts: 1. A "I" sepantes multiple nwings by the sam . pilot.

2.An "I"' indicwastes etprint plottd in Figur C32.

3. 1,4A - not applicable.



Table C66i
SUMMARIY 2D0U, RATE LIMIT' OF 40 DmEGES PER SECOND, SUM-OF--lNEýS TASK,

.irrttfiftt Wafgrain DUR it- 40 derg:rcest rsecOnd Ti-ackin ~T~a;: Sman f-Siwip

Qverall Evaluation (in. initirA andWdy-Aate pitch response were assemsed "abrupt" and "tivht" with smaCA
overshOot and oseillaions about the target. For- bigger control inputs oto-hs
oscillations wer induced and could be. eliminated by neducing the pilot gains and

-~Iaggreriveness Ovralsl the aircraft handlig qualifies were consistently MRatd L*mve 2

Notes I. Thw order of ratngs is Pilot I t2 Plt3 3 n""idcte etpitpae nFgr C33.
2. A "/" sepeaes multiple ratings by the ~ame p~iot,

Date Flown: ie-Apr-97 Ratot Limit: 40 dootec
Pilot,: Pilot 2 Preaure Altiud: 10,000 ft PA

Contloumbton: 2014 Indicated Velocit: 2W- KIAS

Longltuditwl Targot Trucking Performace

4- - - - - - -- - --

I--- W-: 7 -11-.
- --- -- -- --- -- -----

------------~~~- --- - -- - - -- - -

0 10 20 so 40 60 80 70 s0 90 100 190 120
'flaw (w=A)

o6 Elevantor fiats Umiting; 2D0U, $00, 40 dcghesc

40

20

Fig3me C33 Represetative. Fliht TestResul MUi, Rate imit of 40 Degrees Per S"Oeod u-fSu Tmas, Pilt& 2

Ho1



Table C67
PILOT COiWENTS OR 2DIU, RATE LIMIT OF 40 DEGREES PER SECOND, SUMWOF-SINES TASK

Airmaf Confipurstio 2D0 __ W Limit: 40 &eee iss scur] i\knz Task- Sum-of-Sin
Pilot -Sortie(s) j pilot I - I Pilot 2 - 17 Pilot 3 -3

Cope-HrerRains5 (close, to 4) 3,4 (hicreasa workload anid _6
compYUQaIctioU to ncrease

_~frijnanice) 3_ýý -

AIRCRAFT

Steady-State RpoeRsoniv,- __soniveRe!oniv Responive
pnedictablc Yes Yes/Yea ____ No

Gross Acquisition Slightly diftncult EDay (one to two Difficult
overshoots) within

adejuate criteria ______

kmo Tac Adequate = 1 i srcd/A-degunte Adeue
PILOT INTRFACE

Control ilanony N/A Good/Good N/A
Stick Forces Medium Mediuin/odium Medium

-ompension Moderate for desired Minimol to Moderate
____________ _____ioderate/Minimnai _____

Workload Tolerable TolernbletTolcrable Tolerable (ort tho high
___.. . . .........__side)

WaN Nte/'No No
Easily Induced? No No/No Yes (unwanted oscillations

_________________ _______________ _________________ were easily iduced.)
I NCOMFUNTS

aood Characteristics Not a bad jet. Only Small overshoots did nor IA
slightly over Sensitive, prcvent accomplishment

of th task/Gross
Acquisition within•' adequate, criteria.

Bad CharacOristics Capture overly sensitive Oscillating about the Jerky initial wsponse. Out
(two to three overshoots). taet. Smal overshoots- of phase oscillations when
Too "tighf' in pitcho Initial small capnwres/Abrupt th, t•ge• makes bigger
tubulence tainted first hiitial response. One to jumps.
10 to 15 second., two overshoots on gross

O acquisition. Pitch bobbling
about target during
tracking. Extra
compensation raquired to
eliminate,

Notes. 1. A 11/1 separate multiple ratirigs by the same pilot.
O 2. An "" indicates test point plottod in Figure C33.

3. NIA - no2 applicable.
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Table C6G
SU 'NfARY 2DU, RATE LIMIT OF 50 DEGREES PER SECOND, SUM-OF-SKDXS TASK

Arorat Configoration: 2DUý Utt ii: 50 degmwroej sec ad _Tracking Test: Sum-of-Sine,

oqrl vlainThe inhitil andi dysttepichrpos were asse.sed "springy" mid "unpre-dictable"
to the point whore one evaluation pilot descrkod them as "uncomfortablc." Undesirable

otuious wore wasily induced increauing pilot warkload. For bigger control inputs hi one
eva•luation a mild PIO was observed but could be easily elimirnatd by reducing pilot
gains. Overall the &icaft handling qualities were conaistently raed Level 2 with

ocainlP10 tndeancies. ______________________

Naaes: ILTho owder of N ragn is HiotiF- FoI~fa-2 Palot 3. -

2. An "C'indicaes test point plotted in Figuvr CA4

Ode Flown: I 1-Apr-97 Rate Limit: 50 dog/an [
Pilot, Pilot 1 Prsure Mtude: 10,000 il PA

Configuration: 2DU indlate Velocity: 250 KIAS

a ~~~~~Langitudhliil Tartjst Tmrakling Promns ~

- - - - - - - I - - - - -

2- - - - - - - - -

rb I

00 0 40 50 00 TO G0 g0 100 10 120

I ...............

¶00 !ilevntor Rat' LimIthig; MDU, 808, 60 deg/rxrc

40 33

20 22 12 11

&0 10-1 1640 iWN 25.1 31W4 a549 42.4 C 45.40 40.2 eaw

Figur 0-34 Rapemsnmtive PMight Te6w Res.ult 2DUs Rate Limit of 50 Derees Per Seconvd, Sum-at-Sines Task, Pilot I

S.. . ... . 6 - - - • - -• . ... . .. ., • . - - I- . .. . . . . ... ... . . . . .. . ..

@ "• . . . ... . .. .. . . ... . . .. . . .. . .. .
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Table C69
PILOT COMIaMfWISTh FOR 2DU, RATE LIMIT OF 50 DEGREES PER SECOND, SUMoOFSINES TASK

Ar~fltogfweu atao 2D-U Rae ni:~ 5U u aeod Tu nhg Tak Sauvof-Saes
Niot.- Sortie( 9pilot I - I~ Pilot 2- 2 p_____ 3 -6__

COO, 5________ 4 6 66___

4 3 3.•

nitil Reaspose Posponsivo Fast Responsive eky)
8 Stacly.~tatc ¾"~ aat _______________

Nobl NoYes No
0-oss Acquiseiaon Difficult (for adaequrate Esy Difult

PILOT IWTeRFm'ACE
ootaroy /AGood NIA

p rick ForMesc ia) Medium Low
Compelation ModeraT rFane Tracking) Moderate Modeqate

Considerable (Gross
Acqujiston)

Workload Tolerable (for adequate Tolerable Tolerable+
_ _ Lrformance cartria)

Was thae a PI0? Yes (very slight) No No
Easily Induced? Yes (driven by No No

Good _ Chaeristils 1-lyable None Nonse _
Bad Chactistics Abrupt inputs cause mild Pitch bobbles about the inital pitch response

PIO, gaily compensated target whil, fine awking spingy and tupredit•able,

for. iicreasing pilot wotkload, jerklness makes this
a bit too fast on biidal Configuration
response. wucomfortable for the

pilot, undesirable motion.
were easily biduced.

Notes: 1. An "s" Uidicates test point plotted in Figure C34.
2. N/A -not applicable.

1 i3

1,D

- - ___ - a a a aD



Table C70
SUMMARY 2DU, RATE LIMIT OF 0 DEGREES PER SECOND, SUM-OF-SINES TASK.

Aircraf Moaigrato:2X Lmt 60 deea Wes.akugTsk
Rjate Limit. ur-f~ne

Overall Evaluation Te,- aircrvft felt wponsive both in the initial and the stundy-sowt r*soe. Ihis
confIguration was considered over"i predictable in that desired erformance criteria
could be achieved on Wee out of four evaluations. One evaluation pilot noticed that at
higher pilot gains the tracking performnmce degmes reded to adequate due to the on•st
of annoying undesirable motions. Overall the handling qualities of the aircraft were
evaluated borderline between Laws I aid Level 2 with undesirable oscillatiomn more
e-viddent when the pilot wee tkga7reiveiy.

Not=s: 1. The order of ratings is Pilot 1 Pilot 2 • Piot 3. 3. An "'" indicatea test point plotted in Figar C35.
2. A 'separates multiple ratings by the same pilot.

Veto Flown: ItCNr-97 Rate Limit: 00 dwymco
Pilot: Pil 2 Presauro AWtitude: 10,0 ft PA

Configuraton: 2DU indicated Velocity: 250 KIAS

I

Long!tudInal Yarget Ifrzackig Porcm- zncz

- - -- - - -- - - I - - - - - - -

2 --

•- ------------ ----

----- --- - ----- --tI ----

euvatr•T RaW Urr2dO g; ZDU, 605, 60 dLdaW,
100. . ,_. . - - .

so

b at

40

Figuse C35 Rapessertadtiv light Tess Result 2DU, Rate Limit of 60 Degrees Per Second, Sum-of-Sines Task, Pilot 2
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Talble C72
PILOT COM.ME FOR 2NO, RATE LI'MT OF 6- DEGREES PER SECOID, SUM-OF=SINES TASK

ýonCnfi 2DU Tje LUnit 60 de~%p,_~d d n ,aSk rn-0f
Pilot - seie(s) Pilot. I - 4 Pilot 2 -51*f Pilots3 - 6

PPlo 2- 54_________

Coo i~±y~4s~_1AICRAVT

initial Response Responsive Responsive/sponsiV to Responsive

Steady-Sttae Rsos epuiiRsosv/epnie j Rso'v
pdicuble Yes Yes/Yes No

Gross Acquisition Eayy Hw/Esy Eay (for low gSi

MIMO INTE r-IACE
Cont__olanniy_ N/A Good/Good NIA

-L`ý N/a _ _ _ _ _ _ _ _ _ __dha

Stick Forces Low (fi fel) Medium/Medium Medium
Compensation Miial Minimal To Moderate

____________ modemawIcinimal _______

'Workload Mmnizmal+ Minimal to Tolerable+
tolerable/Minimai

Was there a PIOP NO No/No No
Eaiyinduced? NoGoN No

COMM.EN-fS ___ ______

Good Chs•rVat•.ei•i One imall overtshot thea Grow Acquisition was None
no problem. niee feeling good/Swll acquisitionus
jet. easily conrollable,

d tminimal Compensation
required to accommodate

____________ ___________________for 3plitigy feel. _________
BA Ch -istic $1Sightly overly Sensitive, Small oscillations asoW tality of tracking is

very sprhigy feling, high the target during tine strongly dependent on
firequency short period but tracking, difficult to pilot gais, unpredictable
were damped. control without increase in overall, undesý-rble

Corapntation. Task motiom easily induced.
perfiobrance was
compromised
slightly/Pitch bobbling
about the tag•et, slightly
abrmpt, springy with large

-acquisitions.

Notes: 1. A "' sepates multiple ratings by tim same pilot.
2. An "*" inadicates tst point pitted in Figur 035.

3I N/A n not applicable.

115
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Table C72 S
SUMMARY 2DU, RATE LIMIT OF 157 DEGREES PER SECOND. SUM-OF.SrNES TASK

2J) Aicntifgni Rate Linit: 157 degrespe seore Tr-i &. u Sn
Ccprhrr P10ngs 3*-Wu?,J~I atns: 2*, 2
OvaI Evaluaton This alilauc was charactrized byaquick and "ari" wI|••-'

steadystar pitch respuras wi~s autwsesedgod orF rie crab. IMpih YCu-WMas Wa
pleaantly predictable bolt at low and high pilot gS , l•o to the smalt unwmntod

.sc.llaions were noticed during agUssisiv ncldng. bus toy ware ccgwideud, as i
mildly objectionable deficiency as they did not Oabct w performance that was
consistn•dy witin tie desired riteria& The ahcft gave a AN, •e •mforble feeling

___________ to the evaluoation pilots mid was considoread or'l gm1 gord11 thep W"te urakin a- kLL 2.-i
Notes: 1. The ordev of rtings is Pilot I I Tlhor 2 1 Pilo 3. 3. A "'-" iedicate no ratg was given.

Date Flown: 2%Apr-97 Rate Urmit: IY deglsao
Pilot: Pilot I Pmmre Aitude: 10,O Rl PA

SGonfiqturatlon: 2DO lndic*W V~elocty: 250 KIAS

Longitudinal Target Trcking Petonnance

r . " -- -- - -- - -

---- -- - - -- - - - - -

0 10 2) 30 40 50 Go 70 s0 00 100 110 120
71=I (=oa) F-ZMN~

evlator at Umlrdlig; 2DU, 303,j 17 daegi

'IO
00.
Ga

S40 •

Figure 136 Repreawsfiv& Flight Tr Result 2DU, Rate Limit of 157 DegmesI, Par $eo S ugr-of-Sites T nk, Pilot I

I 1
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Table C73S
PILOT COMMENTS FOR 2DU, RATE LIMIT OF 157 DEGREES PER SECOND, SUM-OF-SiNES TASK

Aircrat Confie!52in~ m aw Limit: 157 dugres M.r seownd jakfv s:Sum-o-f-Sines -

-~Pilot -Sonic(s) pilot I -9 Pilot1 2-No0t Flown 'I Pilot . -

Pe lOnP j 2 Not Flown 2

_________________AIRCRAFT_________

SthyStt"esos Responsive 4 jNIA. Respoansive
"Cnitiatl Eespons NiA N/A N/AResponsive

Preadicoable-fr Yes N/A YeserossAcquisition Etoy (one to o N/A ES
Easily _____ed?_Noerkot) j _____

FinekEdC gMak••sorcd _ N/A Oel4d.t

-t-nW -,WAP1107f WNTEWRACE MA __ _____
Stick Forces Low (firm and N/A Mediuo n

-....-Compensation iima jN/A •oe• e (low end)
Workload minimal N/A Tolerable (low end.)

Wmsthvre aPLO? No N/A No
EASily In duced? No j___________ Yes (undesirable motions)

Glood Cheracceriss Godw airplane. N/A fOralpredictable andI ~goad tracker.
Bad Characteristiros Slightly over-responmsive In N/IA -Two to three oscillations.

intial capture. I"Springy" initial response.
, , Mildly unpleamt

Nows: I. An "1" indicates test point plotted in Figure C36,
2. NIA aot applicable.

17
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DATA PARAMETER LIST

DATA PA LABM EMM

Ther ll d a raPmeter raquirements which The Pilot commffent =', the Cooper4{arper
*ore collem~d for all ts points mv shown in Rating smce, the P10 Rating sclt. tht poaftighit
Table DI. debrief, mdh the ohistory dta requirements

lr sup~port of thet four teW objectives, the cnandi hsa~dx

following specific dam Vore cofllected D)IS Y¶I<ZPJ¶GI AM,2 SOALSS FOR
PILOT COMM NT CARD

1. For Objctimve i, the NT-33A dmob-histoy
daIs to generate pitch-step and frequeny mo)r sponse
for compaiioa wit prftight preions.

2. For Objective 2, 2D elevator position and
rate n•me-histoy data of the discrete tracking task lif•il aicrft movement due to Control input.
for a rnge of rate limits (Table D2 and Figure
DI). Data were collected and =aalyzed firom the 1. "Slow.*' nitial airraft movement is not
USAF TFS simulator and the NT-33A flight test. quick enough to acomplish tak,

3. For Objetiv 3 sad 4, the pilot coant 2. "Resonsive," initial airraft movement is

- ~ ~ ~ ~ m --.ca i~w-a M, (inluding C~oo -HwWie (FiWze D31 quick enough to accomplish task.1
and P10 rafting (Figure D41); the flight test debrief; 3. "Fast." initial aiercrft movement inhibits
and the. time-hiltory dafta (T1abie W)). copiliof ofaski.

Tdahb DI
FLIGHT AND GROU)ND-BASEiD SIMULATION TEST PARAMETERS

Data Parametr LAAS Grouiad-Pased Simulto N'1t33A F1 r~
Pilot Commrnt Card X X

Tablc D2
HUD TRACKIG TASK PERFORMANCE C%.EM-•A

.. tgbl o.. &Q .a

Note:ymof LAMAR -0 largen omftu' totmt e ospc r teser simulatorerymolý

symbol ~ ~ ~ ~ ~ ~~3 Pemac of dicn fte a1 fxdraa e symbolfo

ma~~~~~~~ ~~~ lahd 2eýMie bu e~nr ~sle~,r ~isdandscua~ingiAdo'icl apasbe



ComW 9d BP4tkl1GET-..

........................ .........
ADEQUATE Criteria
(20-iaiflirnemOr dismarw evdstuaed by thg piloti) outer Symbol DE1 D C iteria

(I0-inilimem-r di~mete)

Ptgarre D I W)P Trackig T&k Symbology

Aicatmoeetdining cntrol difrlumacut. mku =.

1. "Slow." Aircrft mvvorem t is noe quick, Fitch and roll uiswith applicaion,
o enwough to awconkpliah lk.

2.~~~~~~~~~~ 'Icpnic"Arrf crrr sqik1 Poor" Inconsistencies imacted
enoughnf towm isom~ qaat acoi~Wnpswent Of tat.

3. "Fast." Aircrft movemmn inhibits 2. "Coci" LxcoxsziTscies did not anpact twk.

4 Csonplishzwn, of' tskl. 3. "Excellent," No appavsent inconsistencive

kodid bIILduring tat.

Doe aircrft rnovment b. /ceaw when deskt4d? o k m

1. "Yes." Aircauft movemet begins/ceass Stick forces, esimated- by the pilot. required to
when, desired. displace aircaft

2. "No." Aircraft mwovement dozs not I. " Low." 0 to 10 pouedw.

lvgi/efte wht dodmd,2. 'Medium." 1010 25 pounds.
ML~hc kAVINr E.vifto 3. "HIigh'" 25 to 50pod.

Inital acquisition of HUD tarZt

1. "Eas Y." Not dfifficult.
Physical and mental effort required to

"."Diffhculr" Hma-d W. perfrmn. ac-complish twk.

4] Ifinn Wmab, I1. "N ininsal" Task M-n be u t ~ Wi
,eCgiv am OT lor in iec of effort.

Fir aciragof HTUD twarge
2. "Tolerebe.' Tmak wottimad ca be borne or

iC-etillfn awie circle 50 we cent of tim e. 3 z a a b ."T ask w work o d c = mot be
2, "elts Thpta tmAnkd w n b~or or endured.
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2tchady Stpase Slow Responsive Fttst

Responsr

mrdictable Yes No

Gross Acqufisition Eay Difficult

M3iOT ITRAE
Control HanMoay Poor Ge excellent

Stick Forces Low Medium High

Compnsa•ion Minimal Modrate Considemble

Workload Mi-zdmal Tolerable hatolgable

Was tki•i a PIO? Yes No
Easily Inducc4? Yes No

1. Cooper Harper Rating

2. 110 Rating

3. Good Coreimnts

4. Bad Coranrmnfs

•2• DF ir .. l.ilot st . . . .•o em .C
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otndcyto M duce
uadeshrbk maotions,

nIo pr ad or eoninuacd by

r tO __ Jpilot weirnhiuc
raovjons tnnd to 38

considorable pilot auttcaion anld eftb

no Pilot must ruduce saki
4 Or abandon task to recover

yes 5 Pilot mfuss ofea loop- by
-~ rcsalmng or ficosing astick

dI"Q vese or tighthi or rscinutos

divam ymPilot must open conhol ioop by

FIB=r IN PIO RAtW% Scale (Roffemrzce 9)

a. It Yes, 016lY induced?

pilo must enacec woddoIad to improve aircraft 1) "Yes? no.aadda`rf
parfonnance due to doficient vehicle cberatedscg. movement eawly inducod.

"."MinimL? flk cn We perfoated with 72) NoUnoand.
ivhave mos or lovi W cio of effort.

2. "Modeate? Th&k svsogdoad Ma be boynes or not em, ily induced.

3.a ~oz s t 1&i Lot ko antb if possible Calspins wefey pilot Alo uld be

2. The flight, to ut debrief should bo conductd
UttWQSvm aM VI sr lrf afO 'ed . as woon Pas ~ posbl her ouzarplutiag sI* garde. The

uueomms~a~ Icra ~Pilot deb ief i F! a S be roaducted, fik tie day

125
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Wab D3

ThMn2.2STORtY DATA REQU3IREMNTS'

I time Wt I c AM 0A010J N/A

9u . _Vp i 4c~ ~ i o _ _ _ 1 0 zi 0.050 -

4 udd oiti 100 i 0.025 ±5 1
laite accelIub ion, eC -10 0.025 ±5

06 _pxtc stick tre eas too H lb 0 -S00 ±100
7 roll stick ofb= - 100 FIX 1 0.250 1-50

liOdpck0rc Q _ 10H l/e 05.000 ±100
roa J I0 'dMtO.O0 ±160

9_ _pwiact• 43 H 0itz da.• 0.015 z0

10 On nrol rnr 43Hz dt ej 1[ 0.0 1 ±_3
-_p.: ____ ____ _7__ _ __ ___

1 lu dk&h IR1U=H tt 10M00 - -10,00±OOOt7,0
12 ovent m-aker_ 100 Hz N• A N/A N/A

_f3__ _idmeia ___ 100 HzV ftdog 5.000 t+_v
14 roll raw- 1 4Hz 0.500

4 pitchMW 100 4 Hz dog/ 0.230 ±50
I • al eraton a 100 1-z kt _1.7_ 0 .0 ±50

________r oo___d aor4 J dog J 0.200 ±20

1 normal ac kfion atE 100Hz ;__0025 __18_ wil faaka I00-Hi!- 03100 ±20
19~~~~~. sid61___a__10 -2

Note SiD = not a N/Ab4% ..... .

20 Ain (.itc.ag... . .. .. 100 NA 0.287..22 roll command a&-er &L Saca 43 Hz o 0.200 ±:40

23 ilovatox commaud I &cb, 43 INz deg 0.200
bfopraelimt_ _

24 indicated airtapoed 100 W., kt 4 1.375 0.0- 550
25 levator co~mm~and a"&lo Seca 43 Hz dog 0.200 [ 40

rat limit _ _ _ _ _

roll flc1 nnrmd 43 Hz de 035 ti
27 $roll tcking errr eor 43 k-Ia dog - S6 0.10 70
26 normal accelematon at a., 100 i025±

T~ atol leatr o8no 1001H o 0,020 14
Note: NN/A - not applicable



3. Each test point will be, sopertely debriefed. d. After the. reviw Of fte WJ Video,
are there AWrthe pilot COUMment., contcriftga

4. The HUD! video will be revieowed for =ah tlk, pzforrizaace?
est poin t dehiCL

5. Tho, hilowing were will be &idvzsed u~l L&Mre. Aqe~r thelo r view ofthe fY0)vdorein

not dulhsg each teost point debrief:
f. Alter the rtviow of die 113! vdoo, mre

a. Did any oxtrernl factors (trfic calnl, there further pilot comments concowhiu Stick gwin?
turbulence, chuigeg in lest cooditions) bias the results
of the Meat point? g. Rat your onrfivoce in te qwility of

the dsia collected frif thisa tst point (AccPtable,
bt. Alter th-e review of the HUD1! video, Re 1Fy) iteons for refly MMne ke udiaich d.

upe theme fwtther pilot cormenots conc~nm
- estrs? t. FutherConunerits

a. After the evidew of tie, OD 0video, ave
the"r f-rter pilot comments conc• ning workload?

4 ED
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3 Q UILRXM EN' h M~A C S A JH X' M A. TRM

Then~*nens r &WIlw matc &WAt% Low Insvedgridcm of. pilot-induced oscilluatin due to 0MI
tsarobjttive w umsctplitdw' (Cable 2ii) &kvmtr rate luff lg (MANE LIMM~). Im-

with spe-oifo mosawn of portbrmarme (MOPs) a& matrix ulso dfilnes what data requiremenis were
defined in the test plan for a limited flight test collected for each MOP.

Table EI
kEQURE• ENTS ThRACG MILNI MAThIX

MOP Data
No, Objective No. _MOP Requirements
2.2.1 Veify aircraft I Compiav time and frequeawy Time histoide from step

venfgnt~aion dat fm the NT-33A against inputs and Bode plots
pefigh I____ins - -from flight test.

2.1 Determine thre rate liits Time history of elevator
using We USAF TPS Mte.

2.2.2 Dotmiae 9=e ne 2.2 Cqp wwill dtrminef tre'e Time hi'tory of elevawor
imi for use in mom dad rit imiu tbr rat and edia sd forN-1-33A sod 1 . Elhýýtr_!L limits.

Var Mommnde Time histor of elevator

Hob iv illation suts rte

for the tm tmud~oa N ,PO Migsý zand dw bawf~oie. Mfns NO " ads an

2.2.4 G&ýTgrun-bas 4.1 Pilot ometC tns ilot one nts•, CH
simulaio dMn for the iaud P!O rating6, ratwss' •and P10 Mang&.

I• 1 MOP- mws ofpafrfamance

DI

_T_ 0 Atilot P 0 ____h_ 3
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V5 DTASI k TEST 7POCEDUtES

In the ucomplidilmt of the liwmtd flight of 2-miuuta HUD tacking tanks. At the
test inlvestigation of pilot-lnduoed o-swillation due completion of each teat poinit, the Caispan safety
to clevator rate limiting (CAVE LIMITS) flight pilot would progmat the in-flight Simulator for
test p•pO=x, te folowing teat pr&Medus fltie next rest point, while the project pilot voiced
wer- di-fed a*nd rmpetd for each test mission, his Comments, Cooper-arper rating, and PIO
TMe defined overal iw-t procediacs laiclue- the rating for recording on the in-It ighT voice
piretes briefing, in-OIigh Mest prcc diure, and post- recorders Ile Caispan safety Pilot, having
test Mefng, completed the chaged of test conditon, was

roady for die next test point. The procedure was
repeated until the fuel limit was reached.

The L15A0 TPS HAVE LIMITS test team
chaired the preftst briefings before each flight
The test objectives, procedures, success mnd 1. Evaluation pilot takes commend of
go/no-go c6teia, aircraft sutis and crewmimber nit, safety pilot loads next te•t
rspo•sibilities were discussd. Any data products configraIon.
needed at the end of the flight were also discussed.
Go/No-go citeria were reviewed durig the 2. Challengoe-rsponse dhe current test point
prete•t bi0efmg. A checklist for the go/no-go
criteria is gdefied in Table Fl. 3. Clear the ame.

e ~4. Call "begin maneuver,"

The project pile was in the frnt cocklit S. call'",t point complete.'
of the NT-33A aircraft wIth Calapan safety pilot
in the rea cockpit. Each sortie conAisted of a 6. Both pilots dewt-eine if wt point should
60Osecond warnup period, followed by a series be eacorplished (ifyea, rYetra sotp 2).

Table F I
GOO/N&C'O CONSIDERATIONS

FaiureTechnical Safety of FlightFai!u o-oNoG
No dat al~labie from the pic rkn ommend X4~O

No data avai!labl from thepl••rlMtchokzed3
No dat availalel frmteoll treki error ________

NO dt availa ITm he eevator commad ater a rte limit X
No data avails Ia from the elevator coca ad before rate limit IX

Wo dtm A ft h ul alotrX

ý Vaiable fligh costai syziem ______ _______

Weather (incudn Sevsere to exbsmne tvrbuilence)

135 1



7. Evahtstoth PHI4 Woto bb coxttsen andI"-'g eia=

a. safety pat ioi dot e W-i33A smfrer for ob¶ieU awpfl'Sa doIt>N bImff tow tramL l
9,0mt L__C' rm brhgint incudod tat&L aircrawtata a reView of the

dojecidvos, The suco=s crteia wmixoizd with
9. Ownd to norat" peat, agodZ to utep I thoso objoedve, MWd any lewoer lemauaod. A reviw

of the test points n altno xcownjhd. The ElUX
10. Stafty of Foe' "Knck it off,- video was reviewaz1 pior to the next motuiou to

4 otnefer Ovaliwon pilo comn'ama 05to the'
1U. cue of twt Smite '01mimnterctoia d hw in A olin X)k .



AM Air itxe BUO

Arf -C All- Forc OM~b Tremt ceer

ExMp Cdelznnrmd e-xpwirnt nuibt'ra

FOV field of view

FRAfivqixenc' Mvispoir eady~ie

F. Sete FGOrc lb

HUlD head-up dispLay

LOBS lower ordear equivalent syetom

MiL-STD milifwy ,s aadma

NiA not applicable

NlO pilae-indcec~d oscillation

PIOR piotlnduced omcilltlom ntaa

W&an-of-giaft

RL ele star rite limit deg/eC

fl'S Tast Pilot School-0

USAF Uni Stutz Air Fo•rc

VS _ vt"iewbl z_ blits _r.t..

w,6Pihon-MAsnod natural ftrqueh cy i

T2high frequexcy pitch atitude new li
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Number ci'

DTIhYOCC

camaeoa Sualon, slog. #5
A, Atwxaik VA 24 1•30016145

Wright taratory

Bldg. 146 .

2210 Bigtht Simt suite u4
ATTN: David L•nagf

Wrigh4'attIoi UAB01 4543347531

Cabman Cor0POration 3
AfIlN: Lou Knotts
P.O. Box 400
Bufalto NY 14225

110e Aoroai nc. 2
AT"N: David Michell
Vixt VQ* C1uW,2117
2075 F&IOS VOW= Dwr•-¢ Nor&.......

systems Teabnoloy, nc 2
ATZW: David Klyd.
13766 South Hawthomne Blvd
Hawthorn CA 90250-7083

NigBh I'laus misieug~frATTN: R•lph Smith

Mojave CA, 93502

Navaw Ath" Wah ¢_WI

China LAsk CA 93555

NASA Amwe m c ente 1Q 0
ATTN Wili W. F. Chmg
Mafift 243o15
&fiuffits Field CA 943- MA~

Iudc~e unrmfty 0
A. - Dr. m nu! . 4tsui
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U~~v~~cNmbe ofOlifi

ATT-M Dr Raald A. Ho

Dua ~CA 95626-3294 -

UsAIf WMW T 17
220 Sov&f Wole Ave
.dwnut APB CA 93524

4121 IV0
AflN: Tomn Twkrdrd
Edwanin AFE CA 93524

412 TVw= 3
195 E. o Ave, Bldg 2750
Edwonk APE CA 93524"843

412 'I-/TSTL 0
307 E. Popaim Ave, LIdg 140,E 1wI10
Bdwwedz AFB CA 935244630

AFFlCVXO 10
IA S. Rosnond Blvd, Bldg OMIA
E~waz• APA CA 9352411I15
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195 E. Popaon Awt, Bldg 27,50
Edvi &' AP CA 935244543
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